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On the stratigraphy and palaeontology of the Cretaceous of 
Nigeria and the Cameroons, British West Africa! 


By 
R. A. ReyMent 


Abstract. The stratigraphical subdivision of the Nigerian Cretaceous, based mainly 
yn ammonite faunas, is studied. A zonal scheme for the Cretaceous and basal Tertiary 
S proposed and the problem of the recognition of the Danian in Africa is discussed. The 
ohylogeny of the Cretaceous ammonoid families occurring in Nigeria is considered in 
he light of published and unpublished investigations by the author. The vertical dis- 
ribution of a number of West African Upper Cretaceous lamellibranchs is reviewed. An 
ittempt is made to reconstruct the main palaeogeographical changes in southern Nigeria 
md the Southern Cameroons. 
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I. Introduction 


‘This paper presents a summary of the author’s work on the Nigerian 
Tetaceous carried out over the last five years (1950—1955); it also 
icludes a discussion of unpublished investigations. Various aspects 
f this research have appeared in nine publications (Reyment, 1954— 
956), the most extensive of which is a monograph of the Nigerian 
mmonoidea. Although Cretaceous rocks have been known in Nigeria 
nd the Cameroons for sixty years, little attempt has been made in 
1e past to study them systematically. von Koenen (1897, 1898), 
olger (1904), Harbort (1909), and Riedel (1932), treated the molluscan 
aa 
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faunas of the Mungo River in the Cameroons, without, however, reach- 
ing a unanimous decision for the age of this sequence (the word »se- 
quence» is used in the present paper without any formal significance). 
Later, Geze (1943) and Houreq (1952) in particular, re-examined the 
evidence and the latter author came to the conclusion, that the sequence 
ranged from Lower Turonian to Maestrichtian. More recently, the 
present writer has reviewed the age of the Mungo River formation 
(Reyment, 1955 a, 1955 d) on the basis of new collections and more 
precise stratigraphic information and has decided that the series ranges 
from Lower Turonian to Santonian. 

Previous work on the Nigerian deposits had been limited to a short 
palaeontological appendix by Woods (1911) to J. D. Falconer’s geo- 
logical and geographical study of northern Nigeria in which three species 
of Turonian ammonites were assigned to two genera and a few other 
molluscs (lamellibranchs and gastropods) were described and figured. 
Spath (1928) listed, but did not figure, some Albian ammonites from 
south-eastern Nigeria. It is now known, that the Nigerian Cretaceous 
ranges from the Middle Albian (Lower Cretaceous) to the top of the 
Cretaceous and that the sequence is, as far as can be ascertained, com- 
plete within the area. The primary concern of the investigation has 
been to produce a satisfactory stratigraphical picture of the wide- 
spread Nigerian Cretaceous deposits and it was found at an early 
stage of the work that the most direct and accurate way of achieving 
this aim was by means of the ammonite faunas, which occur at many 
horizons throughout the sequence. As far as possible, the macrofossils 
have been studied side by side with the microfaunas. This procedure 
has only been found practicable in the uppermost Cretaceous and 
Lower Tertiary from which a number of boreholes, drilled by the 
Shell D’Arcy Petroleum Development Company of Nigeria Ltd., are 
available. Surface exposures very seldom yield representative micro- 
faunas owing to the great depth of weathering prevalent in tropical 
countries, which usually results in the loss of all but arenaceous 
forms. The effects of weathering are particularly extensive in the Albian 
deposits. The stratigraphy of the Mesozoic is based principally on 
ammonite zones and the rich Nigerian ammonite faunas have made 
it possible to develop a zonal scheme which permits reasonably accurate 
correlation with other parts of the world. The foraminifera and ostra- 
coda, collected from the upper part of the Nigerian sedimentary se- 
quence, are at present under study and it is hoped to publish the results 
in the near future. It can at this stage, however, be stated, that the 
results so far obtained have been very encouraging, particularly frow 
the point of view of agreement with the ammonite zones and there ap- 
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pears to be every possibility of eventually being able to establish a com- 
bined zonal scheme, which should prove to be of particular use in 
elucidating the stratigraphy of the non-ammonitiferous zones in the 
succession. This ideal will, however, not be finally realized until borehole 
material from the lower part of the Cretaceous sequence comes to hand. 

The present study is an attempt to review the phylogeny of the 
Cretaceous ammonites occurring in Nigeria and to summarize the 
opinions expressed by the author in several, of necessity, scattered 
publications. The taxonomic studies were carried out in 1952 and 1954 
‘see Reyment, 1955 d, p. 10) at the British Museum (Natural History). 
London and also between field seasons at Geological Survey Head- 
juarters, Kaduna Junction, northern Nigeria, particularly in 1951 
ind 1953; the final evaluation of the results was made at Stockholms 
dégskola, Stockholm. 


If. Distribution of the Cretaceous 
System in Nigeria 


The distribution of the Cretaceous System in Nigeria has been dealt 
vith by the author in a recent paper (Reyment, 1955 d, p. 10; pl. 25) 
nd it is not proposed here to enlarge unduly upon that discussion. 
‘he extent of the Cretaceous deposits is shown in fig. 1 (a more com- 
rehensive map may be found in Reyment (1955 d, pl. 25) on which 
etails of localities, type localities of important formations, etc. are 
et out). The distribution of the sediments is directly controlled by 
he topographical features of the pre-Cretaceous landscape of Pre- 
ambrian crystalline rocks, which becomes apparent from fig. 1. The 
retaceous rocks thus rest directly on the basement complex and are 
he oldest fossiliferous sediments known in Nigeria. In some places 
Ibian is in direct contact with the gneisses and granites of the Pre- 
ambrian, although in the Calabar district the sedimentary sequence 
egins with the Cenomanian (Reyment, 1955d, 1956) and in the 
ameroons, the basal beds are of Turonian age (Reyment, 1955 a, 
_ 666). In western Nigeria the Pre-Cambrian is directly overlain by 
le Upper Maestrichtian. These chronological differences in the initia- 
on of sedimentation are probably due to the great stability of the 
ystalline shield. The marine sedimentary cycle began with the deposi- 
on of a thick series of shales with subordinate sandstones and lime- 
ones. These were confined to an area along the Benue valley and to 
e east of the Niger valley, below the Niger-Benue confluence. After 
e deposition of a complete sequence from Middle Albian to upper- 
ost Albian, as indicated by the ammonite faunas, sedimentation ap- 
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Fig. 1. Sketch map of Nigeria showing the distribution of the Cretaceous deposits 
(black) and the principal localities mentioned in the text. The reader is also referred te 
a more comprehensive map by the author (Reyment, 1955 d, pl. 25) on which the provinces 
are shown and the type localities of the main formations indicated. 1. Ibadan; 2. Auchi! 
3. Gombe; 4. Makurdi; 5. Calabar; 6. Odukpani; 7. Mungo River (see also Reyment| 
1955 a, fig. 1); 8. Enugu; 9. Afikpo (Owutu Edda and Nkporo are situated very close to 
Afikpo); 10. Ameka (Abakaliki is situated 12 miles north of Ameka; Nwofe is situatec 
24 miles north-east of Ameka); 11. Arufu; 12. Ogoja; 13. Anofia; 14. Tju; 15. Ottas 
16. Ilaro; 17. Araromi; 18. Lamja; 19. Kaduna; 20. Owerri. The inset map shows tha 
position of Nigeria on the African continent. 


pears either to have ceased or to have proceeded slowly. Subsequemi 
to deposition these sediments were relatively strongly folded. Apar 
from the fairly thin Odukpani formation (Reyment, 1955 d, 1956) 
which appears to be confined to the Calabar area, near the coast, ane 
the lower part of which has yielded rich molluscan material, no fossil 
of Cenomanian age are known from Nigeria (although in French Nig 
Territory Upper Cenomanian underlies Lower Turonian similar t! 
that in north-eastern Nigeria). Cox (1952) recorded some lamelli 
branchs from the Gold Coast as Cenomanian, but in the opinion of th: 
present writer, this age determination may not be absolutely definite 
The Odukpani formation represents a foreland facies deposited on 
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basement of crystalline rocks and probably indicates that the crustal 
downwarping which became fairly widespread during the Turonian. 
actually had its beginning during Cenomanian time, after probably 
a considerable regression in very late Albian or very early Cenomanian 
time. In the upper part of the Odukpani formation there is an ap- 
parently conformable passage into the basal Turonian. There is good 
reason to believe (on the basis of fossil evidence), that sedimentation 
in this area was more or less continuous throughout the whole of the 
Upper Cretaceous, although slow; the Odukpani formation is overlain 
by beds of Coniacian age which in their turn are overlain by probable 
later Senonian and Maestrichtian deposits. Sedimentation seems to 
have continued on into the Tertiary, as suggested by the foraminiferal 
faunas. The post-Albian folding affected only the Albian deposits and 
did not disturb the Cenomanian beds, which implies, that either the 
folding was more or less contemporaneous with deposition of the 
Albian or was rather Jocalized. It was pre-Turonian at least, as the 
furonian beds that overlie the Albian deposits are virtually undisturbed, 
except for slight warping. The beginning of the Turonian saw wide- 
spread sedimentation throughout eastern and northern Nigeria and 
the Cameroons. In this latter area, sedimentation did not begin until 
appreciably later than in the Calabar district, which again suggests a 
slow rate of subsidence. In south-eastern Nigeria, the Turonian was 
leposited directly on the Albian and in some places, for example, east 
of Ohio, Ogoja Province, it overlaps these beds and rests directly on 
she Pre-Cambrian. The earliest known fossiliferous sediments in north- 
astern Nigeria belong to the basal part of the Turonian stage and these 
est unconformably on a thick unfossiliferous series of terrestrial origin. 
[The sedimentary sequence in the Mungo River, Cameroons has been 
ecently discussed by Hourcq (1952) and the author (Reyment, 1955 a, 
1). The present writer has been able to show the age of the Mungo 
River formation to range from Lower Turonian to Santonian (Rey- 
nent, 1955 a, p. 669). It is the author’s belief, that deposition took 
lace on a relatively long platform with a very low angle of slope, with 
he result that the thickness of the sediments is slight (Reyment, 
955 c, p. 425). It should perhaps here be mentioned, that during the 
rhole of this period of sedimentation vertical crustal activity was 
onfined to the eastern part of the area aunder discussion, the western 
ligerian sector of the crystalline basement remained stable and it 
ras not until well into Maestrichtian time that sedimentation was 
uitiated in this area. 

‘In south-eastern Nigeria and the Cameroons, rocks belonging to 
ne Senonian stage appear to have been deposited conformably on 
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the Turonian. Unfortunately there is a lack of satisfactory Upper 
Turonian fossil evidence and it has not yet been found possible to place 
the boundary between Turonian and Senonian. Coniacian deposits are 
relatively widespread, although surface exposures are rather rare; 
they occur in northern Nigeria, south-eastern Nigeria, and the Came- 
roons, but it is only in the last-mentioned district that they have been 
found to pass into fossiliferous Santonian. The Coniacian is best known 
from the faunas in the upper part of the Mungo River formation. As 
yet, the beds between the Coniacian and the fossiliferous Lower Maes- 
trichtian in south-eastern Nigeria have not yielded macrofossils, 
although the foraminiferal assemblages, at present being studied, 
appear to indicate definite Campanian affinities. The fact that Cam- 
panian guide fossils have not yet been observed need not necessarily 
imply the absence of this substage in Nigeria; Cox (1952) recently 
reported on Campanian molluscan material from the Gold Coast, Spath 
(1951) has listed (but not described or figured) Campanian ammonites 
from Angola, and the present author recently had the opportunity 
to examine an Upper Cretaceous ammonite collection from Libreville 
(Reyment, 1955 d, p. 100) in which several fragments, probably refer- 
able to Hoplitoplacenticeras, were seen. 

Deposits of Maestrichtian age occur in western, north-eastern, 
north-western, and south-eastern Nigeria, but not in the Came 
roons. The Maestrichtian transgression (the basal beds may actually 
belong to the Campanian) began with a thick series of marine shales 
(Nkporo shale) with occasional sandstones and limestones. There was 
a gradual shallowing of the sea towards the close of the Maestrichtiar 
with the formation of lagoons and swamps and the accumulation of 
vegetable debris and the production of coal measures. The lower part 
of the Lower Coal Measures has yielded Maestrichtian zone fossils. 
Thereafter, sedimentation was entirely nonmarine until Upper Coal 
Measure time, when intercalations of marine origin testify to the 
gradual return to marine conditions. In the Upper Coal Measures it 
has been found possible to trace a gradual, conformably transition (ir 
boreholes and in the field) from Maestrichtian with molluscan zone 
fossils to Paleocene with diagnostic foraminifera. The Maestrichtian 
Paleocene boundary thus passes through the Upper Coal Measures 
The Imo clay-shale overlies the Upper Coal Measures conformably anc 
the foraminiferal and ostracode faunas indicate that in the upper part 
of the formation there is a conformable transition from Paleocene t¢ 
Lower Kocene. The Bende-Ameki formation of middle Lower Eocen: 
age (i. e. Lutetian) overlies the Imo clay-shale apparently conformably 
The fish and molluscan faunas were reported on by Newton (1923) anc 
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White (1926). The younger formations are in the main undifferentiated 
and are not discussed in the present paper. In western Nigeria, the 
sedimentary sequence begins in the far west of the area with beds of 
Upper Coal Measure age. Somewhat further east the underlying 
»Falsebedded sandstone» is sometimes found transgessing onto the 
Pre-Cambrian. The basal beds do not seem to be of marine origin, but 
higher in the sequence the frequency of intercalations containing 
marine fossils increases until the sequence becomes entirely marine. 
Borehole material from this district demonstrates the gradual Maes- 
trichtian-Paleocene passage, although the onset of marine conditions 
im western Nigeria seems to have taken place earlier than in eastern 
Nigeria where the main coal basin existed. 

In the foregoing, discussion has centred around the distribution of 
the Cretaceous System in Nigeria. It is now in place to briefly outline 
the sedimentational history of the neighbouring Cretaceous deposits, 
all of which bear fairly close faunal relationships to each other, The 
northernmost occurrence of interest is the Cretaceous of the Senegal 
area (Tessier, 1952), where the fossiliferous Cretaceous succession 
begins with the Maestrichtian. There appears to be a conformable 
passage from Maestrichtian to Paleocene of much the same nature as 
that found in north-western Nigeria in Sokoto Province. The Cre- 
taceous sequence of the Gold Coast is not very well known owing to 
the scarcity of diagnostic fossil material. To date, the only two units 
recognized are the Cenomanian, which is rather doubtful, and the Cam- 
panian substage. The Cretaceous beds are overlain by fossiliferous 
Hocene which appears to have little relationship with Nigeria, judging 
rom the macrofaunas. The Gold Coast Cretaceous is underlain by 
Palaeozoic rocks. The stratigraphical succession in Gabon very closely 
esembles that of the Cameroons. The sequence begins with the Turonian 
tage and continues into the Santonian substage. The most southerly 
Jretaceous deposit of interest is that of Angola, where the succession 
egins in the Upper Albian. Fossils indicative of the Cenomanian, 
furonian, Coniacian, Campanian and Maestrichtian have been recorded 
yy various workers and the degree of correspondence between these 
aunas and the Nigerian is generally good. One fact should be pointed 
ut, namely, that the West African Turonian is better developed in 
Nigeria than in the surrounding countries, for example, the vascoceratid 
nd pseudotissotiid faunas so richly represented in Nigeria are poorly 
leveloped in other parts of the west coast of Africa; furthermore, the 
‘uronian faunas of the surrounding areas are generally meagre. The 
hance remains, however, that new discoveries await and the possibility 
f close correlation within this region will eventually become realizable. 
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Fig. 2. The possible extension of the sea during 1. the Albian; 2. the Turonian; 3. the 
Senonian; and 4, the Maestrichtian. 


In conclusion, it may be stated that the marine transgressions that 
took place along the west coast of Africa during the Cretaceous achieved 
their maximum development in the northerly extension of the Bight 
of Biafra where parts of eastern Nigeria formed a permanent basin of 
varying depth. The encroachment of the sea began first during the 
Middle Albian and was confined to the eastern Nigerian basin, followed 
thereafter by the Angolan transgression in Upper Albian time. The 
close of the Albian saw a regression of the sea, but there was renewed 
inundation in Turonian time and sedimentation continued well into 
the Senonian. The Maestrichtian was marked by far-reaching sub- 
mergence of the coast, which apparently did not emerge in many places 
until the Middle Eocene. In Nigeria, the lithological character of the 
rocks (cross-bedded sandstones often containing plant fragments, coa’ 
measures, marine intercalations with marine fossils) indicates repeated 
uplift and subsidence of the land during at least part of the Maestrich- 


tian. The coals were accumulated in large fresh-water swamps, not fai 
from the coast. 


Figs. 2 a—d show the possible palaeogeography of the Bights o: 
Benin and Biafra during the Albian, Turonian, Senonian and Maestrich 
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tian. It will be observed, that the Albian sea extended inland in a long, 
narrow bay. The bay widened in the Turonian, probably narrowed again 
during the Senonian, and finally, during the widespread Maestrichtian 
transgression, lost its identity to a certain degree. Although there is no 
field evidence to support the hypothesis, there may have been a con- 
nection with the northern Nigerian area, where Coniacian deposits 
have been recognized (Reyment, 1954 c). 


: 
| III. Cretaceous zonal indices in Nigeria 


Before entering on the discussion of the zonal indices worked out 
by the author for the Nigerian Cretaceous, mention should be made 
of the stratigraphical nomenclature favoured. In the past, in Nigeria 
as elsewhere, names have been loosely applied to sedimentary units 
and in many cases authors have created several names for the same 
formation, hence showing little regard for priority in nomenclature. 
Furthermore, there has been a strong tendency to publish field terms 
such as »Clay Shales», »Sandstone Series» (cf. Hedberg, 1954, p. 228) 
instead of employing binomials compounded of a geographical name 
with a lithological designation. Moreover, lack of consistency has 
further been heightened by the failure of workers to separate the ele- 
ment of time from their considerations when differentiating a rock 
unit. The author has been largely guided in the naming of rock units 
by current American practice as expressed in the publications of the 
American Commission on Stratigraphic Nomenclature. Three categories. 
of stratigraphical units are recognized by stratigraphers, namely, 
time units (consisting of divisions of geological time), time-rock units 
(comprising divisions of rocks segregated on the basis of time spans), 
and rock units (composed of rocks having distinctive objective charac- 
ers, not delimited on the basis of time relations). Names of rock units 
are nouns formed by combining a place-name with a lithological or 
lassificatory rock term. The principal divisions of rock units recog- 
zed by American workers are as follows: The »formation» is the funda- 
nental unit. The conception of this unit is essentially the same as that 
ecommended by the Paris International Geological Convention (1900, 
». 534). A »group» is made up of two or more formations. It should be 
emembered, that the Bologna (1881) International Geological Con- 
ress recommended, that the time-stratigraphic equivalent of an era 
as Mesozoic Era, geological-time unit) should be termed group, but: 
his word has not been generally accepted as meaning such. Another 
erm, the usage of which is not yet unanimous, is »series». The American 
tratigraphic Commission recommends, that the term »seriesy should 
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be regarded as a time-stratigraphic unit, normally ranked below a 
system, thus Upper Cretaceous Series, for example. The proposition 
of the Paris International Geological Congress (1900) that series be 
designated by prefixes, Paleo-(or Ko-), Meso- and Neo-, combined 
with the name of a system, shortened by leaving off the normal ending 
(ec. g. Kotrias, Eocret) has achieved little popularity. Another decision 
of the above-mentioned Congress, namely to add the suffix »-ic» to 
names of systems so that, for example, Cretaceous becomes Cretaciec, 
has been adopted by very few workers (see, however, Hyatt, 1903). 
Lesser rock units are termed members, lentils and tongues, depending 
on their shape and the smallest recognizable units are bed, stratum 
and layer, which are, as a rule, not entitled to formal names. The 
meaning given to the term »bed» by the Bologna (1881) International 
Geological Congress seems to be a time-stratigraphic one; it was in 
Resolution 5 (p. 553) designated as a division of the third order of the 
term »terrane) (= system; the word terrane was proposed as the time 
stratigraphic equivalent of period) (p. 550, Resolution 19). The author 
feels that the recommendation of the U. 8. Commission on Strati- 
graphic nomenclature, namely, that names based on petrographical 
or palaeontological features should not be used as formal names in 
place of geographical names, although such a designation may be 
placed in parentheses and quotation marks between the formal terms 
in the bionomial. In the naming of rock units, the present writer con- 
siders, that the law of priority and publication should be observed (cf 
8th International Geological Congress, Paris (1900), p. 197, Resolutior 
5). 

In its treatment of time-rock units and geologic time units, the 
Paris (1900) International Geological Congress suggested the following 
heirarchy: Time-rock units. — system, series, stage, bed; Geologic 
time units. — period, epoch, age, phase. The scheme favoured by the 


present writer is that set out, for example, by Flint and Moore (1948 
note 3) 1. e. 


Time-Stratigraphic units Geologic-Time units 
System Period 
Series Epoch 
Stage Age 


American usage of the term »stage» has been conflicting (Flint anc 
Moore, 1948, p. 372). It seems to be generally agreed, that stage i 
recognized as a time-rock unit and age as the corresponding time unit 
It is usually regarded as being next in rank below a series. A zon 
constitutes a subordinate unit that contains rocks characterized b; 


; 
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a particular faunal or floral assemblage. It may be of the magnitude of 
a bed, member, formation or group and it must be named after a charac- 
teristic fossil (cf. Hedberg, 1954). According to the endorsement of the 
Paris (1900) International Geological Congress, the term »zoney is to 
be used as a subdivision of a stage. The author prefers, however, the 
recommendation of the American Commission on Stratigraphic Nomen- 
clature, namely, that the term »substage» be applied to time-strati- 
graphic units next lower in rank than stage (e. g. the Campanian sub- 
Stage of the Senonian stage), particularly because of general employ- 
ment of zone as a biostratigraphical unit, as well as in other senses. 
This matter has been recently discussed by Hedberg (1952, p. 1635). 
Some American stratigraphers propose the recognition of a separate 
ypara-time rock» division for the categories zone and stage. The present 
writer does not feel in agreement with the suggestion, that the word 
»time» be applied to the geologic-time division corresponding with 
units smaller than stage and in this paper, »timey is used without 
formal significance. 

Fortunately, ammonites occur widely throughout the Cretaceous of 
Nigeria with the result that it is readily possible to devise a system of 
zoning for these deposits. For reasons not well understood, corals, echi- 
noderms, brachiopods and bryozoans are very rare. To this list may be 
added the rudistids and belemnoids, two molluscan groups of which 
no representatives have yet been found. The following broad zonal 
scheme is here proposed as in introductory measure in the finestrati- 
graphic subdivision of the Nigerian Cretaceous. The zones are ad- 
mittedly wide, but it is hoped that future work will permit more de- 
ailed treatment of them. Although no complete section from the 
owest Albian to the Maestrichtian is available, the scheme given in 
fable 1 is compounded from the following sections: 

(a) The Albian zones: The Albian sequence passes successively from 
yider to younger beds from north to south. The bottom two zones in 
Table 1 are random fossiliferous beds occurring in the order indicated 
n Table 1 in the general stratigraphic sequence. The top three zones 
vere worked out by the writer from a diagonal section across country 
rom Ibenta to Ishiagu. More precise information concerning these 
ones may be obtained from a recent publication by the author (Rey- 
nent, 1955 d, pp. 97, 98, pl. 25). 

(b) The Cenomanian and Turonian zones: The type area of the 
‘enomanian-Coniacian Odukpani formation has been shown in two 
ecent publications by the author (Reyment, 1955 d, fig. 1; 1956, fig. 2). 
‘he present writer considers the zone of Euhystrichoceras occidentale to 
nclude the beds between ml. 171/, and ml. 171/, shown in fig. 2 (Reyment, 
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1956). The zone of Turrilites scheuchzerianus is considered to include 
the beds from ml. 171/, to ml. 161/,. The Cenomanian passes conformably 
into the Lower Turonian with Pseudaspidoceras (= zone of Pachyvas- 
coceras costatum), followed by beds with Coitlopoceras and Hoplitoides 
(from localities 5, 6, 7). 

(c) Senonian zones: The zone of Tissotia latelobata (= Coniacian) is 
represented by Gauthiericeras (?) aff. propoetidum (Redtenbacher) 
(locality 8, ml. 141/,). The lowest zone of the Nigerian Turonian 
is typically developed in its »type area» at Ezillo (see Reyment, 
1955 d, pl. 25) in the Abazi River section; it is followed by the zone 
of Kamerunoceras eschii. This latter zone, the middle zone of the 
Nigerian Turonian, is typically developed in the Mungo River formation 
(Reyment, 1955 a), where it forms the lowest fossiliferous part of the sec- 
tion (cf. also Solger (1904), Harbort (1909), Riedel (1932), Géze (1943), 
Houreq (1952), and Reyment (1955 d)). It is considered to include the 
beds between localities 84 and 81, shown in Reyment (1955 a, fig. 2). 
The zone of Romaniceras uchauxiense, the top zone of the Nigerian 
Turonian, includes the beds between Ediki and Balangi in the above- 
mentioned figure. The type development of the zone of Tissotia latel- 
»bata (= Coniacian) occurs in the beds exposed at localities 65, 61, 
19, 47 and the type development of the zone of Texanites cf. quattuorn- 
9dosus (= Santonian) is found at locality 53 (all localities marked on 
the map given as fig. 2, Reyment, 1955 a). 

(d) Maestrichtian zones: The zone of Libycoceras ismaelis is typically 
leveloped at Owutu Edda (cf. Reyment, 1955d, pl. 25). It is also 
leveloped in the Lower Coal Measures and in the Enugu coalfield sec- 
‘ion it is found below the zone of Sphenodiscus aff. plewrisepta (Conrad). 
in the Owam River section, western Nigeria, the type development of 
she zone of Sphenodiscus aff. pleurisepta lies beneath the type develop- 
nent of the top zone of the Maestrichtian, that of Inoceramus cozxt. 


Albian 


Zone of Oxytropidoceras cf. bravoense (Bése): The oldest zone yet 
ecognized in Nigeria (Reyment, 1955 d) is marked by species of the 
yenera and subgenera of Ozxytropidoceras. The area in which this zone 
yecurs, the Keana-Awe-Gboko area, is still undifferentiated and the 
xtent of the zone is not well known. The following ammonites have 
seen found: Oxytropidoceras (Oxytropidoceras) cf. bravoense (Bése), O. 
Androiavites) aff. paucituberculatum Collignon, O. (Manuaniceras) aff. 
sei Knechtel, O. (M.) aff. applanatum Collignon, O. (M.) cf. ornatum 
3esairie, and O. (Androiavites) cf. besairiet Collignon. 

Zone of Dipoloceras aff. bouchardianum (d’Orbigny): This zone con- 


ni 
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tains the lower part of the ranges of Dipoloceras Hyatt and Hysteroceras 
Hyatt. The shales at Nkpume have yielded Dipoloceras aff. cristatum 
(Deluc MS.) Brongniart. 

Zone of Hysteroceras binum (Sowerby). This zone 1s marked by a 
number of species of Hysteroceras as well as by the first appearance 
of Mortoniceras (Meek) and Elobiceras Spath. Among the species known 
from this zone are Dipoloceras quadratum Spath, Hysteroceras orbigny 
Spath, H. binum (Sowerby), H. aff. semileve Haas, H. aff. multifalcatum 
(van Hoepen), Mortoniceras (Mortoniceras) price (Spath), M. (M.) 
subrotundum (Spath), M. (M.) kiliani )Lasswitz), Elobiceras cf. inter- 
medium Spath, and £. cf. subelobiense Spath. 

Zone of Elobiceras lobitoense (Crick MS.) Spath: This zone can be 
traced in the shales and sandstones around Nwofe, Abakaliki, Nyeba 
and Ameka. Mortoniceras Meek and Elobiceras Spath, including the 
important West African guide fossil Elobiceras lobitoense, have been 
found at numerous localities. The Asu River formation, which was 
formerly thought to be entirely of Albian age, has recently been found 
to contain Coniacian ammonites in its upper part. The zone contains 
the main part of the ranges of the two ammonite genera mentioned 
above and the following species appear to be confined to this zone: 
Elobiceras lobitoense (Crick MS.) Spath, Gyaloceras iho Reyment, Neo- 
kentroceras curvicornu Spath, and its subspecies crassicornutum Rey- 
ment, and Prohysteroceras wordier Spath. The range of Mortoniceras 
(Angolaites) gregoryx Spath begins in this zone. 

Zone of Stoliczkara africana Pervinquiére: The author has chosen 
this species as zone fossil for this zone, although it is much rarer than 
the species of Durnovarites. It is easily recognized in the field and the 
genus Stoliczkara is typical of the top of the Albian all over the world. 
The shales at Ishiagu have yielded species of the subgenus Durnovarites 
Spath, a typical uppermost Albian form, with Anisoceras perar- 
matum Pictet and Campiche. Small fragments of a heteromorphic 
ammonite probably referable to Hamites have also been collected. This 
zone contains the top part of the range of Mortoniceras (Angolaites) 
gregoryy Spath. 

Cenomanian 


Zone of Euhystrichoceras occidentale Reyment: The only fossiliferous 
Cenomanian recorded to date from Nigeria comes from the Odukpani 
formation in the Calabar area, south-eastern Nigeria. The lower 
zone in this formation is marked by the presence of the typical Lower 
Cenomanian genus Huhystrichoceras Spath as its species E. occidentale. 
Desmoceras (Pseudouhligella) calabarense Reyment, D. latedorsatum 
(Michelin), and Phylloceras cf. velledae (Michelin) are also present. 
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Zone of Turrilites (Euturrilites) scheuchzerianus Bosc: Above the last 
zone, the zone of T. scheuchzerianus Bosc occurs. This species begins 
ts range together with the following forms, listed in order of occurrence 
‘n the section (see Reyment, 1956, fig. 2) (oldest beds first). 


unidentified ammonites 

Acantheceras aff. hippocastanum (Sowerby) 
Acompsoceras sp. nov. 

Forbesiceras sculptum Crick 
Forbesiceras aff. conlini Stephenson 
Acanthoceras sp. 

Turrilites scheuchzerianus Bosc 
unidentified ammonites 

Turrilites scheuchzerianus. Bosc 
Metoicoceras spp. 
Turrilites costatus Lamarck 
Turrilites tuberculatus Bosc 
Turonian. 


\ 
| 
| 
| 
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The following ammonites have been collected from this zone, but their 
xact positions in the sequence are unknown: Calycoceras sp., Sharpei- 
eras sp., Metoicoceras sp. Although T. scheuchzerianus is admittedly 
lot very desirable as a zone fossil, since it ranges through the entire 
Jpper Cenomanian, it is here selected provisionally as being most 
ypical of the zone. It is hoped that study of newly collected material 
rom the Nigerian Cenomanian will assist in giving a clearer picture 
f the zonal succession. The zone here proposed is broad and probably 
acludes part of the Lower Cenomanian. 


Turonian 


Zone of Pachyvascoceras costatum Reyment: This zone is well devel- 
ped in the »Lower Limestones» of north-eastern Nigeria. In the 
ume district it also occurs in the »Calcareous Beds» and the Kumberi 
rmation.t In south-eastern Nigeria, this zone is found in the Hze- 
ku shale, the uppermost part of the Odukpani formation, the Amaseri 
indstone, and the lowest part of the sequence in the Konshisha 


1 Kumberi formation: Previously known as the »Limestone-Shale Series» (Falconer, 
11, p. 150). This indefinite and unsatisfactory term is here replaced by the name 
‘umberi formation». This formation has its type locality at Kumberi, consists of marine 
nestones, shales and shaly sandstones, and is about five hundred feet thick. It occurs 
Adamawa and Bauchi Provinces and has yielded an abundant fauna of ammonites, 
| belonging to the zone of P. costatum. The equally unsatisfactory names »Lower Lime- 
omnes» and »Calcareous Beds» are here left unaltered, since their original authors will be 
vising them together with other badly formed terms in a future publication of the 
ological Survey of Nigeria. > 
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River. It is marked by the preponderance of vascoceratids, particularly 
species of Gombeoceras Reyment, and Pachyvascoceras Furon; Pseudo- 
tissotia (Bauchioceras) Reyment and P. (Wrightoceras) Reyment are 
two prominent genera of Tissotiidae. Other important ammonite genera 
and subgenera associated with this zone are Pseudaspidoceras Hyatt,. 
Vascoceras Choffat, Ezilloella Reyment, Nigericeras Schneegans, Para-. 
vascoceras Furon, Coilopoceras Hyatt (which begins its range in this: 
zone), Glebosoceras Reyment, and Paramammites Furon. The bottom: 
of the range of Mammites Laube and Bruder is included in the upper-- 
most part of this zone. 


Zone of Kamerunoceras eschw (Solger): This zone, which is marked] 
by the presence of K. eschii is found in the lower part of the Mungo 
River formation and in the probable equivalent of this sequence a 
Makurdi. In the Alo River near Oturkpo in the Konshisha River are 
a fauna with K. eschii, Glebosoceras sp. nov., and Romamiceras sp. ha 
been identified. The zone fossil is associated with species of Hoplitoide. 
von Koenen, Neoptychites Kossmat, Pachydesmoceras Spath, Choffati- 
ceras Hyatt, Kamerunoceras Reyment, and Benueites Reyment. Th 
main range of Mammites Laube and Bruder is included here. The range 
of Lima (Plagiostoma) pseudohdérnesi Riedel begins in this zone. 


Zone of Romaniceras uchauxiense Collignon: This zone is typicall 
developed in the Mungo River formation where R. uchauxiense Colligno 
and Rk. aff. deverioide (de Grossouvre) have been found. R. aff. devez 
riowde has been collected from the zone of K. eschii in the Konshishe 
River area. The zone at present under discussion may be represented at 
Uwet, Lower Cross River, Calabar Province, where Romaniceras cf 
deverai (d’Orbigny) occurs. 


Senonian 
Coniacian 


Zone of Tissotia latelobata Solger: This zone occurs in the upper par 
of the Mungo River formation and in the upper part of the Awg 
Ndeaboh shale. It includes the lowest part of the ranges of Inoceram 
bantu (Riedel) ex Heinz, Cardium subperobliquum Riedel, Venielld 
undata (Conrad), Pseudocucullaea lens Solger, Trigonarca angolenst 
Rennie, Agelasina plenodonta Riedel and the top part of the range 
Lima (Plagiostoma) pseudohérnesi Riedel. Solgerites Reeside occurs ti 
the upper part of the Mungo River formation and also in the »Upp 
Limestones) of north-eastern Nigeria; the species S. armatus (Solg 
is found in both places. Forresteria Reeside occurs in these above ty 
formations as well as in the Eze-Aku shale. Other ammonite genera 
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~eroniceras de Grossouvre. Gauthiericeras de Grossouvre, Barroisiceras 
le Grossouvre, Eulophoceras Hyatt, and Onitshoceras Reyment. 


) Santonian 


Zone of Texanites cf. quattuornodosus (Lasswitz): The upper part of 
he Mungo River formation is marked by the presence of Texanites cf. 
uattuornodosus (Lasswitz). It is associated with Texanites aff. soutoni 
Baily), Plicatula renniei Cox, and Agelasina plenodonta Riedel. This 


one appears to be of very limited distribution. 
Campanian? 


Undetermined zone: The Awgu sandstone and the upper part of the 
wgu-Ndeaboh shale are virtually barren of fossils. The Awgu sand- 
tone is partially equivalent to the Enugu shale and Nkporo shale of 
laestrichtian age and it is possible that the beds between this horizon 
nd the top of the Awgu-Ndeaboh shale may be Santonian to Cam- 
anian in age. No zonal fossil is now suggested. 


Maestrichtian 

Zone of Libycoceras afikpoense Reyment: This zone has a wide dis- 
ibution and is found in the Nkporo shale and the Enugu shale in 
uth-eastern Nigeria. L. afikpoense is associated with Sphenodiscus 
f. lobatus (Tuomey), Sphenodiscus sp., Baculites teicherti sp. nov. 
ee p. 50), Bostrychoceras sp., and Didymoceras hornbyense (White- 
ves). It includes the top of the ranges of Inoceramus bantu (Riedel) ex 
einz, Agelasina plenodonta Riedel, Cardiwm subperobliquum Riedel, 
seudocucullaea lens Solger, and Trigonarca angolensis Rennie. In 
mrth-eastern Nigeria, certain unnamed beds near Gombe have yielded 
ecimens of Libycoceras Hyatt indicating the presence of this zone. 
Zone of Sphenodiscus aff. pleurisepta (Conrad). The western exten- 
on of the Upper Coal Measures into Western Nigeria has in its ex- 
sures around Auchi yielded Sphenodiscus aff. pleurisepta. The upper 
it of the range of Veniella wndata (Conrad) is included here. This zone 
us contains the highest occurrence of Sphenodiscus Meek in Nigeria. 
Zone of Inoceramus coxi Reyment. The upper part of the Upper Coal 
easures in Western Nigeria contains Inoceramus coxi, which is abun- 
nt. No other diagnostic fossils have been recovered. 


a 


Paleocene-Lower Eocene 


Zone of Globorotalia crassata aequa Cushman and Renz: This zone 
characterized by the presence of species of Globorotalia Cushman, 
rticularly G. crassata aequa. No identifiable macrofossils of any zonal 
portance have yet been obtained. Other diagnostic foraminifera deter- 
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mined by the author are Globorotalia membranacea (Ehrenburg) and 
Globigerina pseudobulloides Plummer. 


Middle Eocene 


Zone of Physodon secundus (Winkler) and Scyliorhinus garnhamt 
finalis White: These two fish characterize the Bende-Ameki formation 
at its type locality. The delineation of this zone offers some difficulty: 
+t occurs in-both eastern and western Nigeria. Rich molluscan, ostracod 
and foraminiferal faunas have also been found in this zone. 

Other zones: There are indications of a number of other zones and 
subzones which are either too poorly known faunistically, or from toc 
few localities, to permit separation. 


Comparison with other areas 


In the following it is proposed to compare the zonal indices suggesteci 
by the author for the Nigerian Cretaceous succession with standarcq 
zonal schemes in other parts of the world. 


Albian zones 


The most completely known Albian zonal sequence in the world ii 
that of Folkestone, southern England. Comparison of the Nigerias 
zones with the revised table of the zones and subzones of the Albiax 
(Spath, 1941, p. 668) indicates that the English erzstatum (bed VIIN 
and daviesi (bed VII) subzones of the Euhoplites lautus (Spath’s »agess 
based on genera are not used in the present paper) zone at the top 
the Middle Albian are the probable equivalents of the Nigerian zone og 
Dipoloceras aff. bouchardianum. The zone of Hysteroceras binum seem 
to be correlatable with certainty with the Gault subzones orbign 
(bed IX) and varicosum (bed X) of the Mortoniceras inflatum zone ee 
the bottom of the Upper Albian. In this zone, primitive Mortonicerag 
make their first appearance. M. pricet (Spath), which is found in Nigerie 
also occurs commonly in the orbignyi and varicosum subzones and = 
much rarer in the younger auritus subzone. Another Nigerian specie 
from the zone at present under discussion is M. kiliani (Lasswits 
and it occurs in the Gault aequatorialis and substuderi subzones (bed 
XII—XITI), which would suggest the possibility of an extended vertice 
distribution for this zone. The Nigerian zone with Elobiceras lobitoen 
(Crick MS.) Spath and other species of Elobiceras, although a readi 
traceable African zone, is not so easy to correlate with the Engliss 
Gault owing to the restriction of Hlobiceras to the African continen 
(Haas’ remarks (1942, p. 9) to the contrary do not seem to be corree? 
see Reyment, 1955 d, p. 101). Mortoniceras quadrinodosum Spath, whied 
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occurs in both countries, is known from the auritus (bed XI) subzone 
at Devizes, Wiltshire, but apart from this species, the author knows 
of no other zonal link between the two deposits. For the time being, 
at least, the best correlation available appears to be to regard the 
Nigerian zone of Elobiceras lobitoense as being the equivalent of the 
mequatorialis (bed XII) subzone, at the top of the Mortoniceras infla- 
lum zone and the substuderi subzone at the bottom of the Stoliczkaia 
dispar zone near the top of the Upper Albian. It may also be partially 
equivalent to the auritus (bed XI) subzone which it probably shares 
together with the zone of Hysteroceras binum. The correlation of the 
zone of Stoliczkaia africana Pervinquiére offers no difficulty and may 
be equated directly with the uppermost subzone of the Albian, the 
lispar-perinflatum subzone at the top of the Stoliczkaia dispar zone. 
Amisoceras perarmatum Pictet and Campiche is known with certainty 
from the substuderi (bed XIII) and dispar-perinflatum subzones, and 
Mortoniceras (Durnovarites) quadratum (Spath) occurs in the dispar 
zone in Dorset. Stoliczkaia africana is a close relative of the well-known 
pecies S. dispar, which occurs widely in the dispar-perinflatum subzone. 

Recently, Collignon (1949) has proposed a zonal system for the Mala- 
yasy Albian. Since the English Gault is deficient in species of Oxytro- 
pidoceras, it is not possible to equate directly the Nigerian zone of 
Vaytropidoceras cf. bravoense (Bose) with the system proposed by Spath 
1941), although Ozytropidoceras occurs at Folkestone from the monile 
ubzone (bed Ia) in the Dowwilleiceras mamillatum zone to the crista- 
m subzone (bed VIII) in the Euhoplites lautus zone. In Collignon’s 
able of zonal indices (1949, p. 109) an oxytropidoceratan zone is dis- 
inguished which ranges from the top of the lower part of the Middle 
Albian to near the top of the Middle Albian. This zone is characterized 
by the large number of species of Oxytropidoceras and its subgenera 
Vanuaniceras, Adkinsites and Androiavites and there is good faunal 
greement between the zone of Oxytropidoceras cf. bravoense in Nigeria 
nd Collignon’s »Oxytropidocératieny zone. On the basis of the zonal 
eme proposed by Collignon, the zone of Oxytropidoceras in Africa 
nd Madagascar may be equated with the English Gault subzones 
iobe (bed III at the top of the Hoplites dentatus zone), subdelarui, 
utus-nitidus up to daviesi (bed VII in the Euhoplites lautus zone). 
s Collignon (1949, p. 109) points out, Breistroffer regards the Oxy- 
ropidoceratan zone as occurring somewhat lower down in the Middle 
Ibian. In America, in the Cretaceous of the Atlantic and Gulf Coastal 
lain and Trans-Pecos Texas, the zone of Oxytropidoceras acutocarina- 
wm, (Stephenson and others, 1942), appears to be roughly equivalent 
» the Nigerian zone of Ozxytropidoceras cf. bravoense. The zone of 
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Dipoloceras aff. bouchardianum may be equated with the zone of Dipo- 
loceras cristatum. The zone of Mortoniceras wintoni fairly near the top 
of the Upper Albian may well be the equivalent of the Nigerian zone 
of Elobiceras lobitoense in which a species closely related to M. wintoni 
occurs. Another more recent American zonal scheme has been published 
by Cobban and Reeside (1952) which treats the Cretaceous formations 
of the Western Interior of the United States. The Albian sequence in 
this region has, as is also the case in Nigeria, the zone of Oxytropidoceras: 
at the base. Apart from this, there is little agreement between the faunal 
sequences of the two areas. The above analysis of the latest zonal) 
schemes of the Albian available from various parts of the world ind1-- 
cates that the Nigerian sequence ranges from the Middle Albian to the: 
top of the Upper Albian. Haas (1942, p. 218) considers the Angolam 
Albian to be »equivalent» to the upper part of the Lower Gault (= Middl 
Albian); on this basis the Nigerian Albian may extend well into th 
Lower Gault. 


Cenomanian zones 


When it comes to equating the Nigerian Cenomanian zones wit 
those in other parts of the world we find that there is no such standar 
scheme available as that worked out by Spath for the Gault. Severai 
proposals of varying usefulness have been made for the zonal sub, 
division of the stages of the Upper Cretaceous and the most important 
of these are discussed below. Comparing the Nigerian Cenomanian zones 
with those proposed by Spath (1923) for the English deposits it id 
found that the two zones suggested by the author, namely the zone o 
Euhystrichoceras occidentale and the zone of Turrilites scheuchzerianu 
fall roughly into the two main »ages», i. e. the Upper Cenomanian Acan. 
thoceratan (Rhotomagian) »agey (= zone of J. scheuchzerianus) ana 
the Lower Cenomanian Schloenbachian »age» (= zone of E. occidentale” 
It is here pointed out that the two Nigerian subdivisions as known 
present do not include the whole of Cenomanian. The subzones selectee 
by Spath for his »Schloenbachian age» cannot yet be equated directl 
with the lower Nigerian zone especially since no Mantelliceras ha 
yet been collected (the two main zones of the English Lower Cenc 
manian are those of M. mantelli and M. martimpreyi). The subzon 
of Spath’s »Acanthoceratan» (1926 a, p. 425) may be readily correlat 
and thus the zone of 7. scheuchzerianus may be equated with the sul! 
zones of Calycoceras baylei, Acanthoceras cenomanese, and Metoicocer 
white in the table given by Spath in 1923 (p. 144) and with the su 
zones of Acanthoceras rhotomagense, A. subflecuosum and »Acanthocera. 
vicinale in the table given by Spath in 1926 a (p. 425). Acompsocer 
seems to occur lower down in the English Cenomanian than in t 
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Nigerian (cf. Spath, 1926 a, p. 426). The two main zones in the Upper 
Cenomanian of north-western Europe seem to be, however, those of 
Acanthoceras rhotomagense and »Acanthocerasy vicinale. The English 
zonal scheme for the Cenomanian proposed by Spath seems to be ap- 
plicable to other European occurrences, although German stratigraphers 
recognize a third, lowermost zone with Neohibolites ultimus (d’Orbigny). 
Although this belemnite is known in the English Cenomanian, it has 
not been used as a zone fossil (Spath, 1926). The recent scheme proposed 
by Cobban and Reeside (1952) is, as regards the Cenomanian zoning, 
too different to permit much in the way of correlation. The American 
(Western Interior) zones with Dunveganoceras appear to correspond to 
the upper part of the upper Nigerian Cenomanian zone. 


Turonian zones 


It should be borne in mind, that much of the difficulty connected 
with the working out of sound zonal systems in the European Upper 
Cretaceous is connected with the increasing scarcity of ammonites 
towards the top of the Upper Cretaceous. In Nigeria, as in other parts 
of Africa, as well as Asia, the same drastic diminution in number of 
ammonite species and genera did not take place and it is therefore pos- 
sible to make use of these excellent index fossils right up until the close 
af the Cretaceous Period. Spath (1926 b) proposed a rather com- 
prehensive zonal scheme for the White Chalk (uppermost Cenomanian 
70 top of the Cretaceous). This is the most comprehensive scheme in 
srint known to the author and it is here compared with the three 
Nigerian Turonian zones. The Nigerian Turonian with its rich faunas 
nust be regarded as one of the key areas of this stage in world signifi- 
ance. The equivalents of the lowermost zone of Pachyvascoceras cos- 
atum Reyment are of world-wide distribution and have been recorded 
rom France, Portugal, Spain, America, etc. Furthermore, the very 
listinctive nature of the faunas has induced French workers to introduce 
he (in the present author’s opinion, superfluous) terms »Ligerian» 
nd »Salmurian» (= Lower Turonian as opposed to Angoumian = 
Jpper Turonian). The above-mentioned Nigerian zone is roughly the 
quivalent of Spath’s »Mammitan age» in column one in the table 
acing p. 80 (Spath, 1926 b). Before proceeding further, it would prob- 
bly be as well to examine the order of the zonal indices proposed in 
his table. The third column presents the important English Turonian 
mmonite species arranged in order of chronological appearance, the 
rst column is apparently an attempt to extrapolate this information 
nd to combine it with non-English zones. Whilst the present author is 
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in agreement with the general pattern of the subzones given in Spath’s 
yMammitan age», the following alterations in the order of the species: 
listed is recommended, on the basis of the results of the investigatiom 
into the Nigerian Turonian. The revised succession proposed, from 
youngest to oldest, is as follows: Metoicoceras whitet (synonym = M! 
vontieri), Pseudaspidoceras footeanum, Fagesia superstes, V ascoceras 
spp., Mammites nodosoides. Metoicoceras whiter is a good zonal indicaton 
throughout western Europe and the U. 8. A. The present autho» 
believes that the P. footeanum subzone overlaps the subzone of M! 
whitei. Moreover, it is also doubted whether the subzone of Fagesic 
superstes can be distinguished from the subzone of »Vascoceras) spp 
Coilopoceras Hyatt has its chief*distribution in the Lower Turonia 
(it occurs as high up as the Coniacian in the New Mexico area) anc 
Romaniceras has been found by the writer in beds belonging to the 
Lower Turonian. Referring back to the zones proposed for the Nigeriar 
Turoniam it can now be pointed out, that the zone of Pachyvascocera 
costatum corresponds to Spath’s »Mammitan age» excluding the subzony 
of Mammites nodosoides (i. e. it occurs below this subzone). The zone o 
Kamerunoceras eschit corresponds to the top of the »Mammitan ag 
and the bottom of the »Collignoniceratan age» (synonym Prionotropida 
see Breistroffer, 1947), and may probably be equated with the subzone 
of Mammites nodosoides and Collignoniceras carolinum. The zone 
Romaniceras uchauxiense is the probable equivalent of the rest 
Spath’s upper zone. The three Nigerian zones seem, furthermore, t; 
be directly equatable with the accepted European non-ammoniti 
Turonian zones. Comparing the American Western Interior zon 
proposed by Cobban and Reeside (1952) we find that the zones wit; 
Collignoniceras woollgari and C. hyatti may be the equivalent of th: 
zone of Kamerunoceras eschit. The second zone from the bottom of t 
Turonian is, in the American Western Interior, marked by the presen 
of Inoceramus labiatus Schlotheim, but in Nigeria this species is know 
only from the zone of K. eschit. Comparison of the zonal scheme prc 
posed by McLearn (1937) for Canada shows that the Canadian zo 
with species of Watinoceras may be correlated with the lower part ¢ 
the zone of K. eschii, in which Watinoceras species occur (Reymen 
1955 c, p. 425). It may prove necessary to separate the Watinocer 
fauna as a separate zone or subzone; Watinoceras is the predecessor ¢ 
Mammites and in North America and England it is distinctly earlie 
than M. nodosoides; thus the Neocardiococeras horizon is probably t. 
top subzone of the zone of Metoicoceras whitei (Neocardiococeras is a 
cestral to Watinoceras- see Reyment, 1954 a). 
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Senonian zones 


The Nigerian Coniacian zone of Tissotia latelobata Solger is the 
quivalent of Spath’s (1926 b) »Gauthiericeratan age» and encompasses 
Il the subzones given by him (i.e. = whole of Coniacian). As the 
resent author recently has pointed out (Reyment, 1955 d, p. 57) it is 
apparent that several subzones are present in the Nigerian Coniacian, 
although the chronological relationships between them are not yet 
_ clear. In the upper part of the Asu River sequence various spe- 
les of Peroniceras occur together with Tissotia latelobata and T. aw- 
juensis Reyment. This assemblage is the probable equivalent of Spath’s 
subzone of Peroniceras subtricarinatum. In the upper part of the Mungo 
River formation, species of Barroisiceras and related genera and sub- 
yenera occur together with Tissotia latelobata and other Tissotia and 
shis fauna may be the zonal equivalent of Spath’s zones with Barroi- 
ceras haberfellneri and B. nicklesi. The author has described a collec- 
ion of barroisiceratids from north-eastern Nigeria which also ap- 
sarently is referable here. Spath’s uppermost two zones of Prionocyclo- 
eras guyabanum and Gauthiericeras margae are possibly represented in 
he Umet area of south-eastern Nigeria, south of Odukpani (topmost 
veds of the Odukpani formation) where a new species of Gauthiericeras 
yecurs, here referred to as Gauthiericeras(?) aff. propoetidum (Redten- 
yacher). It seems then that on the basis of Spath’s Coniacian zones 
he entire Coniacian substage is represented in Nigeria. The »Gauthieri- 
eratan age) appears to correspond to the zone of Muicraster cortestu- 
inarium of the Upper Chalk. Cobban and Reeside (1952) recognize 
our zones in the Coniacian of the Western Interior of the United 
‘tates. Owing to lack of similarity between the faunas of this stage in 
Nigeria and the above, little in the way of correlation can be attempted. 
The zone of Scaphites depressus Reeside may possibly be equatable 
vith the top of the zone of Tissotia latelobata. Spath’s zone of Texanites 
mscheris, which is probably a transitional zone between the Coniacian 
nd Santonian substages, may also fit in here. In the Coniacian of the 
\weu district in south-eastern Nigeria, the uppermost beds of the 
\wgu-Ndeaboh shale (overlying the highest range of Tissotia latelobata) 
ave yielded a single large fragment of a new species of primitive, 
uadrituberculate ?Texanites, which also probably belongs near the 
loniacian/Santonian boundary. The same, or a very closely related, 
pecies has been collected in the Upper? Coniacian of Igumale to the 
orth. 

The zone of Texanites cf. quattuornodosus (Lasswitz) from the upper- 
= beds of the Mungo River formation may correspond in part to 
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Spath’s Texanitan (called »Mortoniceratamy in Spath’s table; the generic 
name Mortoniceras is now restricted to the group of Ammonites ves- 
pertinus- see Reyment, 1955 d, p. 29) subdivision, the Stantonoceratam 
subdivision and to the Hoploscaphitan subdivision, although the 
possibility of there being gaps in the succession of the middle and 
upper Senonian cannot be overlooked. Nevertheless, since Texanites: 
ef. quattuornodosus occurs very close stratigraphically to Texanites 
aff. soutoni- (Baily) it may be cautiously suggested that much of the 
Santonian is represented. This would imply that the Chalk zones ob 
Micraster cortestudinarium to Actinocamax quadrata are greatly com 
densed in West Africa. 


Maestrichtian zones 


The author has proposed three zones for the Nigerian Maestrichtian 
in the foregoing. The zone of Libycoceras afikpoense Reyment can be 
correlated with the upper part of Spath’s »Pachydiscan age» (termec 
»Parapachydiscan» by Spath — see Reyment, 1955 c, p. 424) and in 
cludes the subzones of Bostrychoceras polyplocum, Menuwites menu, anc 
Pachydiscus neubergicus. The first two subzones mentioned are corre: 
lated by Spath with part of the zone of Belemnitella mucronata. Tha 
Nigerian zones of Sphenodiscus aff. plewrisepta (Conrad) and Inoceramu 
,ovt Reyment may be equated with Spath’s »Sphenodiscan age» (with 

he subzones of Sphenodiscus siva (bottom) and Indoceras baluchistanens: 
ttop). It has been found possible to recognize five definite zones in th 
(Maestrichtian of the Western Interior of the United States. The zone: 
of Baculities baculus Meek and Hayden, and B. grandis Hall and Mee 
are in all probability equivalent to the Nigerian zone of Libycocer 
afikpoense. The zone of Discoscaphites nebrascensis (Owen) contains th 
upper part of the range of the genus Sphenodiscus Meek and th 
correlation may be suggested between this zone and that of S. afi 
pleurisepta, which also contains the highest part of the range of Sph 
nodiscus Meek in Nigeria, as far as is known. Furthermore, both zone 
contain the highest part of the ranges of two closely related species 
the lamellibranch genus Veniella, V. humilis (Meek and Hayden) ane 
V. undata (Conrad). The American zone is the highest marine Cretaceo 
zone in the Western Interior; it is known only in the Great Plains ane 
passes westward into nonmarine beds. The equivalent zone in Nigeri 
although found widely in south-eastern and western Nigeria, also sho 
frequent passages into nonmarine beds. Whereas, however, sediment. 
tion again became marine at the end of the Cretaceous Period, th 
uppermost zone of the Western Interior, the zone of Triceratops Mars! 
is entirely nonmarine. Before leaving this set of correlations, it is 
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oe to note the ranges of some further American molluses which 
either occur in the Nigerian Maestrichtian or have closely connected 
relatives. The ammonite genus Didymoceras ranged up to the end of 
. zone of Baculites compressus Say which agrees fairly well with its 
ecurrence in Nigeria; the species D. hornbyense (Whiteaves) appears 
0 have died out about the middle of the zone of Libycoceras afikpoense 
and thus Didymoceras survived the end of the Campanian in West 
Africa. The interesting Inoceramus coxi Reyment may well prove to 
be the last representative of its lineage. The two youngest American 
- known, J. sagensis Owen and I. fibrosus (Meek and Hayden) 
id not survive the Lower Maestrichtian. If Spath’s (1926) zonal scheme 
be correct, then the African and Asian Cretaceous may contain an am- 
monitiferous Maestrichtian zone more than the European Maestrich- 
tian. The uppermost cephalopod zone of the European Maestrichtian 
Ss considered by many authors to be the zone of Belemnitella mucronata 
Schlotheim). In the north German and Baltic Senonian, this belem- 
nite is known to occur with Bostrychoceras polyplocum (Romer) in the 
lower part of its range and with Discoscaphites constrictus (Sowerby) 
n the upper part of its vertical distribution. In southern Scandinavia, 
Stolley (1930) considers the two upper zones to consist of B. polyplo- 
um and Pachydiscus wittekind: (Schliiter), and D. constrictus (Sowerby) 
ind T'rigonosema pulchellum Nilsson. Generally speaking, however, B. 
mucronata and its subspecies mark the top of the Maestrichtian ac- 
sording to the majority of workers. Jeletzky (1951, p. 18) has, in the 
resent writer’s opinion, correctly, introduced a Belemnella zone above 
his, but admits its little known nature. In the Upper Cretaceous of 
he Eastern Alps Discoscaphites constrictus occurs with typical members 
f the Pachydiscan zone, as does also B. mucronata (Pachydiscus neuber- 
wcus (von Hauer), P. colligatus (Binckhorst), Hauericeras pseudo- 
ardent (Schliiter) (occurs lower down than the other species); com- 
are this assemblage with the English representatives of the same zone 
s listed by Spath (1926): Gaudryceras, Parapuzosia, Pachydiscus, 
Lenuites, Bostrychoceras, Diplomoceras, Neancyloceras, Glyptoxoceras, 
saculites). The following table is an attempt at correlating the Nigerian 
onal sequence with a condensed version of the schemes proposed by 
path (1926 b), Jeletzky (1951) and Wright & Wright (1951). It should 
e noted that the correlation between the ammonites and the belem- 
ites is doubtful, also Spath’s (1926 b) table shows the zone of B. 
yucronata as stretching from the »ammonite horizon» of Bupachydiscus 
vyt (at least) to Pachydiscus neubergicus. 
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North-western Europe Nigeria 


Belemnite zones | Ammonite zones 


Inoceramus coxi 


Jaaie Sphenodiscus sp. Sphenodiscus aff. 
Maestrichtian .... oo Pachydiscus plonrisepts 
Jee neubergicus Libycoceras afikpoense 
Campanian ...... Belemnitella Hoplitoplacenticeras 
mucronata vari 
Gonioteuthis Menabites delaw- 
quadrata arella 
Gonioteuthis Diplacmoceras 
granulata bidorsatum | 


Ostrea vesicularis Lamarck, a common form in the European Upper 
Cretaceous requires comment, since this species begins its range in, 
the Nigerian Coniacian and completes it in the lowermost Maestrichtian . 
(Reyment, 1954 d, p. 503). Hence, in Nigeria, at least, this lamelli-. 
branch has not been found above basal Maestrichtian. It should be: 
mentioned, that the zone of Libycoceras afikpoense may also be corre-. 
lated with the Maestrichtian faunas of Syria, Palestine, Egypt, and. 
probably with the Maestrichtian of Tripoly, Tunisia and Algiers (Liby-. 
coceras ismaelis (Zittel), Baculites asper Morton, Veniella undata (Con-. 
rad), Ostrea vesicularis Lamarck, Pachydiscus sp.) 


Cretaceous-Tertiary boundary 


As will doubtlessly become apparent to the reader, the stratigraphical| 
table (Table I) makes no provision for the Danian stage. It has been 
indicated earlier on in this paper, that the Maestrichtian passes con-- 
formably into the Paleocene in the Upper Coal Measures and the: 
upper beds of this formation contain diagnostic Maestrichtian macro-- 
fossils and microfossils, closely followed by beds with diagnostic Paleo- 
cene foraminifera (no Paleocene macrofossils have yet been discovered 
in south-eastern and western Nigeria). Hence, in Nigeria no great 
difficulty has been experienced in placing the boundary between the 
Cretaceous and the Tertiary (cf. Glissner, 1953, p. 657). The Upper 
Coal Measures contain, as has been mentioned previously, Sphenodiscus 
aff. pleurisepta (Conrad) and Veniella undata (Conrad) overlain by bed. 
with Inoceramus coxi Reyment. Conformably situated above these 
beds is the Imo clay-shale, a formation whose lower limits have yielded. 
typical Paleocene foraminifera (p. 33) and whose upper limits have. 
yielded Lower Eocene foraminifera (p. 34). Locally, the Upper Coa 
Measures have been seen to pass up into the Paleocene (cf. Simpson, 
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1955, pp. 21—22). To date, no evidence for the existence of the Danian 
in Nigeria has been forthcoming. Hand in hand with our increasing 
knowledge of African stratigraphy it is becoming apparent, that the 
nature of the boundary between the Cretaceous and the Tertiary is 
not the same as that in Northern Europe. Tromp (1949, p. 675) is of 
the opinion that the need for a stratigraphic entity between Maestrich- 
tian and Tertiary only ever came about because of the difficulty ex- 
perienced by palaeontologists in determining the Cretaceous-Tertiary 
boundary. In northern Europe, the Danian is recognizable on the basis 
of the foraminiferal faunas in which Parella lens Brotzen occurs plen- 
tifully and Palmula (Flabellina) reticulata (Reuss), a typical Maestrich- 
tian form disappears (Brotzen, 1945). As Jeletzky (1951) has men- 
tioned, a similar condition has been observed in the U.S. 8. R. Jeletzky 
also mentioned, that he would prefer to see the Danian incorporated 
into the Tertiary, thus leaving the Maestrichtian at the top of the 
Cretaceous. That in Northern Europe, at least, it has been possible 
to distinguish a subdivision younger than Maestrichtian and older than 
Paleocene seems to be due to the fact of, firstly, a local facies, and 
secondly, misunderstanding of the range of certain echinoids well 
known in the European Cretaceous. As already noted, the condition 
in Africa has been found to be otherwise. Tromp (unfairly criticized 
by Jeletzky (1951)), and Collignon, as well as the present author have 
observed a gradual passage from Cretaceous to Tertiary, from typical 
Maestrichtian faunas to typical Paleocene faunas, without formational 
breaks in the sequence and without the appearance of Danian (N. B. 
the Danian at its type locality typically shows stratigraphical gaps). 
Collignon (1951, 1954) in particular, has attempted to get at the bottom 
of the question of Danian in Africa, instead of following the custom 
of many African stratigraphers (e. g. Tessier, 1952) who, when faced 
with a conformable Cretaceous-Tertiary passage, have attempted to 
squeeze in some »Danian» beds between typical Maestrichtian and 
typical Paleocene. 

The lateral equivalents of the beds with Sphenodiscus aff. pleurisepta 
(Conrad) and the overlying zone of Inoceramus coxi Reyment, which 
underlie typical Paleocene, have been detected in deep tests put down 
by the Shell D’Arcy Petroleum Development Company of Nigeria Ltd. 
in western Nigeria. One of these boreholes drilled at Araromi (see fig. 1) 
is at present being studied, but since some time must elapse before 
the results of this investigation appear in print, the following general 
xccount of the foraminiferal faunas in the neighbourhood of the Cre- 
saceous-Tertiary transition may be given, in order to present an idea 
of the changes in the foraminiferal assemblages at this critical point. 
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The Upper Maestrichtian contains species of (all identifications by’ 
the author) Giimbelina (striate Giimbelina), Globigerina, Cyclammina,, 
Globotruncana, Robulus, Nodosaria, Dentalina, Rugoglobigerina, Cirbi-- 
cides, Bulimina, Virgulina, Bolivinoides, Bathysiphon, Textularia,, 
Siphogenerinoides. This fauna is succeeded by beds containing Glo-- 
borotalia compressa (Plummer), G. cf. wilcoxensis acuta Toulmin, G.. 
crassata aequa Cushman and Renz, G. membranacea (Khrenburg),, 
Globigerina pseudo-bulloides Plummer, Robulus, Cancris, Globigerinella,, 
Valvulineria, Pseudovalvulineria, Gavelinopsis?, Dentalina, Virgulina,, 
Bolivina, Giimbelina, Crbicides, etc. Rugoglobigerina Bronniman was; 
originally considered by its author to range from Turonian to 
Maestrichtian but according to~a recent personal communication 
dated 24. 6. 55 from Dr. Brénniman to the present writer, the genus; 
seems to be confined to the Campanian and Maestrichtian. This agrees: 
with the observations made by the writer in the West African Upper: 
Cretaceous. Rugoglobigerina also occurs in material from the Frenchi 
Cameroons, kindly sent the author by Dr. Houreq; the same Maes-- 
trichtian species of Bolivinoides as listed above was also identified in 
the material as well as other forms. The upper part of the Imo clay-- 
shale has yielded species of foraminifera amongst which have been 
identified the following pelagic forms: Globorotalia cf. wilcoxensiss 
(Cushman and Ponton), Globigerinella micra (Cole) and Globigerinella 
triloculinoides Plummer. In order to tie in these faunas with the scheme 
of zonal indices, the provisional identifications of the ostracode faunas: 
from the Middle Eocene (Lutetian) Bende-Ameki formation, which 
overlies the Imo clay-shale, are here listed. Aglaiacypris? sp., Buntonia 
spp., Basslerites? sp., Cytherella sp., Acuticythereis spp., Loxoconcha sp.. 
Cythereis spp. Although the above foraminiferal and ostracode lists 
are far from complete, it is hoped that they serve to give some idea o' 
the nature of the Cretaceous-Tertiary transition in West Africa. Before: 
turning to a discussion of this phase in other parts of Africa it should 
be mentioned that in north-western Nigeria beds of Maestrichtia 
and Lower Tertiary age have been known for some time. The fish and 
reptile faunas of the Maestrichtian have been treated by White and 
Swinton and the fish of the Lower Tertiary again by White. Th 
uppermost Cretaceous is generally poor in fossils, although the frag- 
mentary remains of a sphenodiscid have been collected. These may wel 
belong to the genus Daradiceras Sornay and Tessier. Overlying thes 
beds occur beds containing a new, as yet undescribed, nautiloid genus, 
apparently closely related to Hercoglossa. 

Recently, Collignon (1951, p. 43) has been concerned with the upper-4 
most Cretaceous of Madagascar. He considers the sequence to be con- 
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tinuous from the Campanian to the Paleocene (p. 75). In drawing his 
conclusions Collignon (1951, p. 139) expressed the opinion that the 
Danian may well be a part of the Maestrichtian (»peut-étre faciés du 
Maestrichtien»). The Danian, judging from the nature of its type 
locality at Faxe, is considered to be marked by the presence of Holaster, 
Ananchytes, Ostrea vesicularis, Crania ignabergensis and Hercoglossa 
danica, the latter species being considered typical. Collignon has been 
able to show, that in Madagascar this guidefossil of the European 
Maestrichtian occurs together with ammonites (1951, p. 76). In a more 
comprehensive paper on this subject (1954) Collignon (p. 143) remarked, 
that »Hercoglossa, comme l’a depuis longtemps fait remarquer H. 
Besairie cohabite normalement avec les Ammonites du Maestrichtien 
inférieure, et que ce genre ne saurait, ici, caractériser un étage danien 
nest vraisemblablement, en Europe, qu’un faciés locale du Maestrich- 
tien». The present writer is strongly inclined to agree with Col- 
lignon on this point. Tessier (1952) in a comprehensive paper on the 
uppermost Cretaceous and Lower Tertiary of Senegal, has also treated 
the Danian. As Tessier (1952, p. 69) points out, »les données qui per- 
mettent de définir le Danien mondial, quelle que soit la région ot |’on 
se place, sont généralement imprécises.» Although no definite palaeon- 
tological evidence for the presence of beds of Danian age in his area 
exists, he places some poorly fossiliferous beds above the sequence with 
Sphenodiscus Meek and Daradiceras Tessier and Sornay in the Danian. 
There is, however, logically no reason why these beds could not be 
placed in the Paleocene and Tessier actually mentions that in some 
parts of the district investigated he was unable to trace his »Danian» 
and that there appeared to be a conformable passage from ammoniti- 
ferous Maestrichtian to Paleocene. Arguing on analogy with the se- 
quence in Nigeria, the present writer considers the most likely explana- 
tion to be that the Cretaceous-Tertiary boundary in the Popenguine- 
N’dayane area passes somewhere in the »Danian» beds-1. e. those beds 
above Tessier’s typical Maestrichtian and below his typical Paleocene. 
That the evidence for the existence of the Danian stage in Senegal is 
weak may be gathered from the following summarizing statement of 
Tessier (1952, p. 71). »En résumé, la distinction d’un Danien se justifie 
sssentiellement par des arguments de position et, si je peux m’exprimer 
ainsi, de contexte; l’individualité lithologique n’en est pas moins mar- 
quée tandis que le contenu paléontologique demeure insuffisant.» —- — 
yLa faune est pauvre, peu caractéristiquey. 

~ Tromp (1949, p. 673) advocates that the conception of Danian should 
be abandoned and implies that the Paleocene should be incorporated 
nto the Eocene.. This conclusion was reached through microfaunal 
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Fig. 3. Sketch showing the numerical strength of ammonite genera and species in the» 
Nigerian Cretaceous during the Albian, Cenomanian, Turonian, Senonian, and Maestrich- - 
tian. The top line indicates number of species, the bottom line number of genera. 


determinations. Muller and Schenk (1943, p. 269), in discussing the» 
boundaries of the Cretaceous System, gave a critical discussion of the» 
Danian. Cuvillier et al. (1955) have recently published a paper treating} 
the micropalaeontological determination of the Cretaceous-Tertiary ’ 
boundary in the Mediterranean area. In Aquitaine, Morocco, Algeria, , 
Tunisia, Lebanon and Syria the end of the Cretaceous is marked by’ 
the disappearance of the genera Globotruncana and Rugoglobigerina: 
and the sudden appearance of Globorotalia (Truncorotalia) marks the: 
beginning of the Tertiary. In Morocco where Baculites has been found | 
in the upper part of the Maestrichtian, the Danian has not been iden-: 
tified. Cobban and Reeside (1952, pp. 1013, 1026) in their paper on. 
the Cretaceous formations of the Western Interior of the United States. 
have expressed uncertainty about the nature and stratigraphic position 
of the Danian. 


IV. Taxonomic section 
‘ ' 
In the following, the author presents a summary of his recent taxo- 


nomic studies of the Nigerian Cretaceous ammonoidea and other 
molluscs (Reyment, 1954 a, c, 1955b, d), including discussions of 


: 
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Fig. 4. Schematic diagram illustrating the author’s views of the phylogenetical 
relationships of the Cretaceous ammonite families occurring in Nigeria. 


hylogenetical trends observed during the study of the material. The 
ecent paper by C. W. Wright (1952) on the classification of the Cret- 
ceous ammonoidea has been of particular assistance in connexion 
erewith. In fig. 3 the number of ammonite genera and species present 
1 each of the stages found in Nigeria is shown. It will be observed that. 
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after a climax in the Turonian the number of species diminished 
gradually until the end of the Maestrichtian. 


Superfamily Phyllocerataceae* 


The Phylloceratidae are in the Cretaceous a very homogeneous group 
as also in the Jurassic. The superfamily Phyllocerataceae contains 
only one family, Phylloceratidae, and this family is of great importance 
in the Cretaceous since the Hoplitaceae, Desmocerataceae and the 
Acanthocerataceae have been directly or indirectly derived from it. 
There are two definite subfamilies of Phylloceratidae, namely, Phyllo- 
ceratinae s. str. and Calliphylloceratinae Spath, 1927. Wright (1952, p. 
217) has pointed out, that the other subfamilies proposed in the past, 
Hypophylloceratidae Spath, 1927, and Phyllopachyceratinae Collignon, 
1937, are too inadequately defined to be accepted. 


Family Phylloceratidae Zittel, 1884 


The members of this family are characteristic of the Mediterranean 
region and are rare in Northern Europe and in most of Africa, although 
very common in North Africa. As has been emphasized by Spath 
(1923, p. 14) the fundamental importance of the phylloceratids and 
lytoceratids is not always realized; it seems highly probable that these 
two stocks frequently replenished the ammonite tribe particularly 
since they continued throughout the Jurassic and Cretaceous. Here 
we have an example of a slowly evolving, conservative stock (i. e. 
Phylloceras) successfully surviving over a long period while contem- 
poraneous quickly evolving stocks (as, for example, Hoplitaceae, Acan- 


thocerataceae) rapidly attained their developmental acme and then — 
dwindled and suffered extinction. The Phylloceratidae are considered | 


to have given rise to the Desmocerataceae in the Valanginian (Wright, 
1952) which in their turn gave rise to Hoplitaceae in the Lower Aptian 
(Spath, 1923) and Acanthocerataceae in the Lower Albian (Wright, 
1952). The generic characters of the genus Phylloceras Suess, 1865 
(type species: Ammonites heterophyllus Sowerby) may be summarized 
as follows; very involute, compressed or inflated, whorl section ellip- 
tical, venter rounded, umbilicus narrow or closed; surface smooth or 
ornamented with fine striae or riblets. The suture line is charac- 
terized by the leaf-like endings of the saddles. Until recently, represent- 
atives of the Phylloceratidae were unknown from the Nigerian Creta- 
ceous, but the find of a well-preserved fragment of Phylloceras cf. 


{ 


1 At the Copenhagen (1953) International Congress on Zoological Nomenclature it — 
was decreed that superfamilies should be attributed to author and date of the typical 
’ 


family, consequently authors and dates of superfamilies are here omitted. 


a 
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velledae (Michelin) (Reyment, 1955d) in the Cenomanian zone of 
Euhystrichoceras occidentale proves its presence. It is noteworthy that 
the rich Albian faunas of Ogoja Province have not yielded a single 
example of Phylloceras, particularly since the faunistically similar 
deposits of Angola contain this genus as the species P. velledae (Michelin) 
and P. angolense Haughton. This latter species resembles P. velledae 
in dimensions, but may be differentiated by its subparallel sides and 
broader, flatter venter. 


Superfamily Turrilitaceae 


This superfamily is represented in Nigeria by the families Baculitidae 
Meek, 1876, Anisoceratidae Hyatt, 1900, Turrilitidae Meek, 1876, 
Nostoceratidae Hyatt, 1894 and probably Hamitidae Hyatt, 1900. 
The superfamily Turrilitaceae ranges from the middle of the Upper 
Aptian to the top of the Maestrichtian. 


Family Hamitidae Hyatt, 1900 


The presence of the Hamitidae in the Nigerian Lower Cretaceous 
is doubtful. This family seems to have given rise to Turrilitidae near 
the top of the Lower Albian and to Anisoceratidae during the same 
time through such forms as the group of Pseudhelicoceras bituberculatus 
and Turrilitoides senequiarianus (fig. 4) (in the case of the former family). 
After a quiet period during the Middle Albian there was once again a 
manifestation of evolutionary activity towards the close of the Upper 
Albian when Baculitidae broke off from the main stock. Shortly before 
the extinction of Hamitidae in the Lower Turonian, Phlycticrioceratidae 
were split off. Reviewing the development of this group of abnormally 
coiled ammonites in general terms it can be seen that there has been a 
passage from the simply ribbed hamitid stock to spirally coiled, ribbed 
and tuberculate forms (Turrilitidae) which continued this mode of 
development through to the close of the Cretaceous in Nostoceratinae 
and Diplomoceratidae. On the other hand, Anisoceratidae retained the 
hamitid form but became more strongly ornamented with both ribs 
and tubercles. Haas (1942, p. 189) suggests that it might be best to 
include this family as a group under Hamitidae; the present writer 
feels there is much to be said for this point of view and believes it may 
eventually prove necessary to regard the group as a subfamily, Aniso- 
ceratinae. The relatively late appearance of Baculitidae shows an 
interesting variation in the evolutionary capabilities of the hamitid 
stock. This group possesses coiled early whorls whilst the later whorls 
ure perfectly straight, Orthoceras-like, and feebly ornamented with, 
n many cases, crescent-shaped bullae and strongly sigmoidal growth 
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lines which at times may be well developed, but which never attain 
the proportions of definite ribs. The Hamitidae are represented by a 
single fragment from the Nwofe area in the zone of Elobiceras lobitoense 
and another, better-preserved fragment from the uppermost zone of 
the Nigerian Albian, the zone of Stoliczkava africana. 


Family Baculitidae Meek, 1876 


This family is represented in Nigeria by a single species from the 
Nkporo shale, recorded by the author (Reyment, 1955 d, p. 15) as 
Baculites cf. asper Morton. As has been pointed out previously, Baculi- 
tidae were derived from Hamitidae in the beginning of the Cenomanian 
or late in the Upper Albian (cf. Spath, 1941, p. 659). Spath (1941, p. 
659) has remarked that the separation of Cyrtochilus Meek, 1876 from 
Baculites Lamarck (type species: B. vertebralis Lamarck) was well 
justified and that Lechites Nowdk, 1908 is probably a synonym of 
Cyrtochilus. He considers the possibility of a polyphyletic origin for 
Baculitidae should not be overlooked and that the homogeneity of the 
family is perhaps morphological rather than genetic (Spath, 1941, 
p. 660). The Baculitidae were the dominant ammonite stock towards 
the end of the Cretaceous, although they achieved their maximum 
during the Campanian. 

The species from the Nkporo shale, compared doubtfully by the 
writer with the American species Baculites asper Morton (Reyment, 
1955 d, p. 15) is now considered to be a separate species, here named 
Baculites teicherti sp. nov., holotype: the example figured by the 
present writer (Reyment, 1955 d) on plate 1, figs. 5a, b. The species — 
is named for Dr. C. Teichert. B. teicherti differs from B. asper, with 
which it is fairly closely related, in being more rapidly tapering, having 
slenderer ornament and in details of the suture line. Furthermore, the 
intertubercular areas of B. asper are convex (Reeside, 1927, pl. 10, 
figs. 10, 11) whereas those of B. tevcherti are straight, and the tubercles 
are differently shaped and much stronger than in the Nigerian species. 
(cf. pl. 1, fig. 5 b in Reyment, 1955 d with Reeside, 1927, pl. 10, fig. 9; 
pl. 11, figs. 5, 8, 10). As Reeside (1927, p. 13) quite correctly 
points out, »many authors have extended the scope of the name 
B. asper Morton much too far and have included all forms with distant. 
nodes, whatever the other characters». Baculites aquilaensis Reeside 
(1927, p. 12, pl. 6, figs. 11—13; pl. 8, figs. 1—4) resembles B. teichertt 
sp. nov. but the bullae are coarser and more closely spaced and the | 
shaft is less tapering. : 


: 
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Family Anisoceratidae Hyatt, 1900 

Spath (1936), Wright & Wright (1951) and Wright (1952) regard this 
group as a separate family, but Haas (1942), who has expressed doubt 
concerning this family, considers (1924, p. 189) that Spath’s conception 
of Anisoceratidae is too narrow and has suggested that Idiohamites 
Spath should be added to the genera Anisoceras Pictet, Prohelicoceras 
Spath and Protanisoceras Spath (see also Wright & Wright, 1951, p. 14; 
also Spath, 1939, p. 578; 1943, p. 721). The indications are, that Aniso- 
ceratidae, characterized by typical, quadrituberculate, button-and- 
loop ornament, or the twist of at least the early whorls, diverged from 
Hamitidae in the Lower Albian. The Nigerian uppermost Albian (zone 
of Stoliczkaia africana) Pervinquiére has yielded Anisoceras perarmatum 
Pictet and Campiche and Anisoceras sp. indet. The former species is 
common. According to Spath (1939, p. 540) typical Anisoceras begin 
in the Gault at Folkestone in bed X. 


Family Turrilitidae Meek, 1876 


The author regards Turrilitidae as being composed of the sub- 
families Turrilitinae and Nostoceratinae Hyatt. 


Subfamily Turrilitinae s. str. 


Breistroffer (1953) has recently published a comprehensive account 
of the evolution of the Turrilitinae of the Albian and the Cenomanian; 
this family seems to have appeared relatively abruptly in the Lower 
Albian. The early whorls were dextrally or sinistrally coiled, the whorls 
were not in contact with each other and the siphuncle was situated 
near the exterior (cf. Spath, 1937, p. 509). The evolutionary trend 
svinced by this subfamily was towards closer coiling with the whorls 
‘inally coming into contact, the development of a truly turreted spire, 
‘or the siphuncle to migrate towards the upper whorl-contact, and for 
she sutural elements to become very asymmetrical. In the Nigerian 
Yretaceous this family is represented by three Cenomanian species, 
il of which occur in the upper zone of that stage recognized in West 
\frica, namely, the zone of Turrilites scheuchzerianus Bosc. These 
orms all belong to the genus Turrilites Lamarck, 1801 (type species: 
’. costatus Lmk). 7. costatus was recently found by the author in expo- 
ures of the Odukpani formation on the Calabar-Arochuku Road in 
Jalabar Province, south-eastern Nigeria. Breistroffer (1953, p. 1351) 
as split off the subgenus Euturrilites (= Turbinites Dubordieu, 1953, 
ion Martin, 1809; type species: 7. scheuchzervanus Bose) from the 
roup of ZT. costatus Lamarck, on the basis that the latter group is 
ntuberculate and ornamented only with ribs. The present writer con- 
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siders the features selected by Breistroffer for the designation of both 
this subgenus and the subgenus Mesoturrilites Breistroffer (type species: 
T. aumalensis Coquand), a trituberculate Turrilites, are of dubious 
significance and it is considered, that Mesoturrilites, at least, does 
not warrant separation from Twrrilites Lamarck. Spath (1937, p. 507) 
includes in the Turrilitinae s. str. the genera Turrilites Lamarck, Turri- 
litoides Spath, Pseudhelicoceras Spath, Mariella Nowak, Hypoturrilites 
Shimizu, Carthaginites Pervinquieére, Ostlingoceras Hyatt, and Hyphan- 
toceras Hyatt, the latter only indefinitely. The present writer considers, 
that in such a homogeneous group as Turrilitinae to propose further 
subfamilial entities is not only unnecessary, but essentially artificial. 
For this reason it is here suggested;-that the subfamily Pseudhelicocer- 
atinae Breistroffer (1953, p. 1350) should be abandoned. The family 
then contains the additional genera Parahelicoceras Breistroffer, 1953, 
and Raynaudia Dubordieu, 1953. The author has recently described 
and figured Twurrilites (Euturrilites) scheuchzerianus Bosc from the 
Cenomanian part of the Odukpani formation. Two further species. 
recently collected by the writer are 7. costatus Lamarck and T. tuber- 
culatus Bosc. T. scheuchzerianus is confined to the bottom of the Nigerian . 
Upper Cenomanian in which it is now known to be relatively common. 
T. costatus is confined to the lower part of the Nigerian Upper Ceno- 
manian, but ranges above 7’. scheuchzerianus, and T. tuberculatus ranges | 
above both of these, The stratigraphical occurrence of these species 
implies that a possible evolutionary sequence might well be (cf. Spath, , 
1937, p. 509): 


T. tuberculatus T. costatus. 


T. scheuchzerianus 


Mariella 


Dubordieu’s evolutionary table (1953, fig. 13) differs from the abov | 
interpretation in that 7. tuberculatus is doubtfully derived from the 
Albian Pseudhelicoceras and in that the ranges of the three speci 
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are different from those given above. During its development, 7, 
scheuchzerianus has a stage in which the ribs are interrupted in their 
course (= 7’. desnoyersi d’Orbigny; cf. Reyment, 1955 d, p. 13), which 
stage is reminiscent of the ornament of 7’. costatus. Spath (1926, p. 429) 
considers 7. tuberculatus Bosc, which he states to have at least three 
subspecies, to range »up into higher zones, where first 7. costatus and 
then 7. scheuchzeri and T. desnoyersi, d’Orbigny (= T'. scheuchzerianus. 
author’s comment) come in». It has often been supposed (e. g. Berry. 
1928; Scott, 1940), that the shape of the turreted shell of Turrilites 
would have proved a hindrance to movement through the water and 
thus would have prevented the geographic expansion of species of the 
genus to a not inconsiderable degree. The fact that three well-known 
European species are found in Nigeria and that species of Turrilites 
are often widely distributed (7. scheuchzerianus, for example, as well 
as other common species of Twrrilites occur in the Cenomanian of South 
Africa) tends to disprove this hypothesis. In fact, species of the genus 
under discussion are often extraordinarily widely spread. A possibility 
that ought not to be overlooked is that the larval stage of Turrilites 
may have been particularly active and hence have been capable of 
considerable geographical distribution, although the adult stage may 
have been unsuited for rapid movement. It is nevertheless likely that 
the late products of turrilitid evolution with their tightly coiled shells 
were probably more efficient swimmers than the primitive representa- 
tives with open coiling, bearing in mind that the shell was almost cer- 
tainly directed in front of the animal with the hyponome probably 
functioning at right angles to the direction of coiling. The »reconstruc- 
tions» often reproduced in text-books showing the animal swimming 
with the spire pointing to the sea-bottom seem to be hydrostatically 
unsound. The author thinks it less likely that the animal swam with the 
spire directed upwards or at a slight backward angle, more or less 
analogous to Nautilus; the swimming position suggested above 1s 
analogous to that possibly adopted by Orthoceras and similarly shaped 
cephalopods (Schmidt, 1928). 


Subfamily Nostoceratidae Hyatt, 1894 


The origin of this subfamily, which first appeared in the Upper 
Cenomanian and which lived until the close of the Maestrichtian, has 
been the subject of various interpretations. Spath (1936, p. 508) ex- 
pressed doubt concerning the derivation of Senonian and Maestrichtian 
nostoceratids from Turrilitidae, although he was unable to suggest 
a more likely alternative. Haas (1942, p. 199) stated, that he preferred 
to include the turrilitid genera of the Senonian and Maestrichtian in the 
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Turrilitidae. Hyatt erected the Nostoceratidae for forms showing a 
great variety of coiling. It is known that late Turrilitinae did uncoil 
(for example, Wintonia Adkins and Hyphantoceras Hyatt) and it seems 
probable that the nostoceratids are secondarily uncoiled derivatives of — 
Turrilitinae rather than independent offshoots of different Lytocerata- _ 
ceae. The present author inclines to the view that the group is best 
regarded as a subfamily of Turrilitidae, Nostoceratinae, and that it 
should include Bostrychoceras Hyatt (often placed with Turrilitinae). 
The Nigerian Maestrichtian contains two genera of this subfamily, 
namely, Didymoceras Hyatt and Bostrychoceras Hyatt. The former 
genus is represented by the interesting species D. hornbyense (White- 
aves), which is found prolifically in the Nkporo shale of south-eastern 
Nigeria in the zone of Libycoceras afikpoense Reyment. As has 
been observed earlier on, the general type of shell represented by 
Didymoceras, Turrilites, etc. has been considered by several authors 
to indicate. poor swimming ability and a benthonic mode of existence. 
Berry (1928, p. 105, pl. 2, figs. 19, 20) considers Twrrilites to have led 
a crawling, benthonic life. Scott (1940, pp..304, 305, 306) puts Twurrilites 
and Bostrychoceras into his group of spirally or irregularly coiled forms 
considered as most probably being poor swimmers. Didymoceras horn- 
byense (Whiteaves) (cf. Reyment, 1955 d, p. 13) occurs in Northern 
Canada, West Africa and South Africa in beds of the same age and is 
thus of very wide horizontal distribution. Since it is hardly likely that 
a form adapted to a crawling existence could spread over sich a large 
geographical extent in such a short time, the implication is that the 
cephalopods with this type of coiling were capable of swimming toler- 
ably efficiently, at least during some part of their life. It is also apparent, 
that even if climatic conditions were significantly different from those 
of today, the temperature difference between the Bight of Biafra, 
West Africa, and the Hornby Island area, Canada would still have 
been considerable. It is probable, that ammonites were more resistant 
to variations and differences in temperature than has generally been 
supposed. Bostrychoceras Hyatt is in Nigeria known from a slightly 
younger horizon than D. hornbyense. It occurs as small, though well 
preserved, fragments for which no other identification than Bostrycho- 
ceras sp. has been attempted by the author. 


Superfamily Oppeliaceae 


This superfamily is represented in the Cretaceous by the two families | 
Haploceratidae Zittel, 1884 (with the single genus and species Neolis- 
soceras grasianum (d’Orbigny) and Oppeliidae Bonarelli, 1893. 
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Family Oppeliidae Bonarelli, 1893 


This family has three Cretaceous subfamilies, namely, Taramelli- 
ceratinae Spath, 1928, Streblitinae Spath, 1925 and Aconeceratinae 
Spath 1923 (cf. Wright, 1952, p. 219, footnote 16), of which only the 
latter subfamily is represented in Nigeria. 


Subfamily Aconeceratinae Spath, 1923 


This subfamily is considered to have stemmed from Oppeliidae in 
the Upper Hauterivian in accordance with Casey (1954. p. 267) (cf. 
Spath, 1923, p. 35). The keeled and unkeeled forms of this family have 
often been classed with Oppelaceae, although some authors have as- 
cribed the resemblance to homeomorphy. Aconeceratinae are here con- 
sidered to range from Upper Hauterivian to almost the top of the 
Upper Albian (cf. Reyment, 1955 d). Spath (1923, p38) mentioned an 
Aconeceras (= Aconeceras sp. nov., Casey, 1954, p. 272) in the tadefur- 
cata zone of Leighton Buzzard, England, but thought it to be »possibly 
derived or merely a homoeomorphous or accidentally keeled develop- 
ment of the contemporary. Beudanticeras». Falciferella Casey, 1954 is 
a ventrally truncate (the inner whorls are feebly keeled) aconeceratid 
known from the upper part of the Middle Albian Hoplites dentatus 
zone. The genus (ryaloceras was erected in 1929 by Whitehouse for 
ammonites differing from Aconeceras (but considered to be derived 
rom it) by greater inflation, less sharp venter and with a feeble ventral 
<eel which is finally lost. Gyaloceras was originally recorded from the 
Aptian of Queensland, but in Nigeria it occurs in the Elobiceras lobitoense 
fone in the upper part of the Upper Albian (Reyment, 1955 d, p. 15). 
The ontogeny of Gyaloceras ibo Reyment (Reyment, 1955 d, figs. 3, 4), 
he sole representative of Aconeceratinae in the Nigerian Albian, 
oints strongly to the aconeceratid ancestry of the genus (cf. Casey, 
954, p. 269 who doubts the connection with Aconeceratinae); hence 
\coneceratinae ranged beyond the Middle Albian to almost the top 
f the Albian. Aconeceras is found in North-west Europe, Hast Africa 
nd Australia, Sanmartinoceras in Patagonia, Australia, Russia, and 
North-west Europe and the Arctic, and Gyaloceras in Australia and 
Vest Africa, thus indicating the world-wide distribution of the sub- 
amily. Aconeceratinae appeared in the Hauterivian with Protacone- 
eras Casey, 1954 (type species: Oppelia patagoniensis Favre), a form 
rith a strongly serrated keel, then Aconeceras Hyatt in the Barremian, 
‘anmartinoceras Bonarelli in the Lower Aptian and G'yaloceras White- 
ouse and Falcijerella in the Albian, Gyaloceras probably first appearing 
a the. Aptian. 
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Superfamily Desmocerataceae 


This superfamily is considered to have ranged from Valanginian up 
to the close of the Cretaceous and to have been derived from Phyllo- 
ceratidae (cf. Wright, 1952). The Nigerian Cretaceous contains the 
following families of Desmocerataceae: Desmoceratidae Zittel, 1895, 
and Pachydiscidae Spath, 1922. 


Family Desmoceratidae Zittel, 1895 


This family has long been considered to be of polyphyletic origin 
(Spath, 1923; Wright, 1942) and in it are grouped several independent 
offshoots of Phylloceratidae, all of which are very similar to each 
other. It has only been found possible to separate Puzosiinae Spath., 
1922 from the main group, although new discoveries will almost cer- 
tainly clarify the interfamilial phylogeny and permit subdivision. 
Desmoceratidae is best regarded as having split off from Phylloceratidae 
in the Valanginian (Wright, 1952) and to have survived until the 
Lower Maestrichtian. Spath (1923, p. 32) considers that the secondarily 
smooth end forms of Neocomitinae Spath (of Berriasellidae Spath) and 
Hoplitidae, with reduced suture lines, are homeomorphs of desmocera- 
tids and in these the smoothness is to be taken as an original character. 
He considers (1923, p. 33), that »the polyphyletic family Desmocera- 
tidae, like the Haploceratidae, are then believed to include successive 
waves of Phylloceratidae and Lytoceratidae acquiring the »Desmoceras» 
aspect and losing the phylloid character of the suture line..... » The 
present writer believes, however, the Desmoceratidae to be entirely 
derived from Phylloceratidae, since the Lytoceratinae gave rise in the 
Cretaceous to a succession of derivatives many of which were marked 
by abnormal coiling, a tendency which the author considers the Phyllo- 
ceratidae to have been without. The fact that Lytoceratidae did also 
produce some smooth, normally coiled derivatives, seems to have 


induced Spath to assume a connecting link or links with Desmoceratidae. 


Spath’s assumption (1923, p. 22) that lytoceratid aberrant coiling, 
particularly uncoiling, was an adaption to a benthonic existence is 
not shared by the author of the present paper (cf. Reyment, 1956). 
The Nigerian desmoceratids are referred to the genera Desmoceras 
Zittel, 1884 (type species: Ammonites latedorsatus Michelin), the sub- 


genus of Desmoceras, Pseudouhligella Matsumoto, 1938 (type species: 
Desmoceras japonicum Yabe), Pachydesmoceras Spath, 1922 (type. 


species: Ammonites denisonianus Stoliczka) and Onitshoceras Reyment, 
1954 (type species: Onitshoceras matsumotoi Reyment). It is of interest 
to note that no desmoceratids have yet been collected from the extensive 
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Nigerian Albian deposits, the first representatives of this family oc- 
urring in the Cenomanian. In Nigeria, desmoceratid genera range 
rom the Cenomanian to the Lower Senonian (Coniacian). Desmoceras 
. str. occurs prolifically in the zone of Euhystrichoceras occidentale 
eyment in the Lower Cenomanian of the Odukpani formation as D. 
atedorsatum (Michelin) (Reyment, 1955d, p. 17). The subgenus of 
esmoceras, Pseudouhligella, occurs as D. (P.) calabarense Reyment 
Reyment, 1955 d, p. 18) in the same zone as the above and represents 
slightly evolute development of Desmoceras. Pachydesmoceras is found 
the Turonian zone of Kamerunoceras eschii (Solger), in the lower part 
f the Mungo River formation, as P. kamerunense (von Koenen). Such 
orms as Anapachydiscus linderi (de Grossouvre) seem to have been 
derived in this manner. The Nigerian Coniacian desmoceratid Onit- 
shoceras is represented by the species O. matsumotoi Reyment (Reyment, 
1954 c, p. 249, pl. 3, figs. 1 a, b, 2; pl. 5, fig. 7; text-figs. 1a, b, c; 1955, 
p. 19, pl. 2, fig. 9). This genus is homeomorphous with some Pachydis- 
sidae, but is connected directly with Desmoceratidae by its distinc- 
tively desmoceratid suture line. The present writer considers that 
Imitshoceras is in all probability a desmoceratid end-development as 
s suggested by the peculiarly degenerate nature of the suture line with 
she aberrantly formed third lateral lobe and saddle. 


Family Pachydiscidae Spath, 1922 


It is indeed noteworthy that this family, which is so richly represen- 
ed in other parts of the world as, for example, the Upper Cretaceous 
f Madagascar, is so poorly distributed in the Upper Cretaceous of 
Vest Africa. Spath (1933, p. 35) considers Pachydiscidae to have 
volved from the probably polyphyletic group Desmoceratidae. Wright 
1952) regards the family as having split off from Desmoceratidae late 
n the Cenomanian. The family is fairly common in the Turonian, how- 
ver, and survived until] well on into the Maestrichtian. The Malagasy 
achydiscidae have recently been subjected to monographic treatment 
y Collignon (1952), who based his studies on a large collection from 
lenabe. The richness of the fauna has permitted Collignon to draw 
sveral conclusions concerning the development of the family in the 
uronian, Senonian and Maestrichtian. It is pointed out, that with 
1e exception of doubtful uppermost Albian and Cenomanian occur- 
neces, the Pachydiscidae begin in the Turonian and attain their 
aximum development in the Campanian, although the number of 
yecies known from the Maestrichtian is only a little less. Collignon 
es in Lewesiceras peramplum (Mantell) the key to the origin of the 
mily. The Nigerian Cretaceous contains Pachydiscus cf. stallauensis 


58 R. A. REYMENT [Jan.—Febr. 1956} 


Imkeller from the Coniacian Bombe area in the upper part of the: 
Mungo River formation and Pachydiscus aff. stallauensis Imkeller: 
from the zone of Libycoceras afikpoense Reyment in the Maestrichtian 
Nkporo shale, south-eastern Nigeria. 


Superfamily Hoplitaceae 


This superfamily is not well represented in Nigeria. The various | 
hoplitid faunas, so characteristic of the European Lower Cretaceous, 
are entirely lacking in the Cretaceous of West Africa. To date, only’ 
two families have been discovered, namely Engonoceratidae Hyatt in. 
the Lower Turonian and Schoenbachiidae in the Cenomanian. Hoplita- 
ceae includes a number of desmoceratid offshoots, which although 
distinct, generally resemble each other in ornament, suture, and a. 
tendency to marked differentiation of the venter. Spath (1923, p. 67) 
noted, that the »occurrence of more or less homoeomorphous forms ... 
makes it probable, as suggested below under »Hoplitidae» that groups 
of Desmoceratidae, taking on robust ornamentation, have from time 
to time replenished the hoplitid stocky. Bearing in mind the possible 
polyphyletic origin of Desmoceratidae, in its turn successively derived 
from Phylloceratidae, this suggestion may not be far from the truth. 
Consequently, Parahoplitidae Spath, the earliest derived group, must 
be a polyphyletic family if this should- also be the case for Desmocera- 
tidae. Spath (1925, p. 83) is also inclined to consider Hoplitidae Douvillé 
to be polyphyletically derived from ornamented desmoceratids. 


Family Engonoceratidae Hyatt, 1900 


This family seems to be derived from Parahoplitidae through Kne- 
maceras (Spath, 1931, p. 340) and Deshayseites with simplifying suture 
lines. The family includes so-called pseudoceratites, that is, shells 
characterized by simple sutural saddles and an increase in the number. 
of elements. Wright (1952, p. 220) in discussing the origin of the family 
has pointed out that some Parahoplitidae have simplifying sutures. 
In West Africa the family is sparsely represented by a species of Meten- 
gonoceras (Kpengonoceras) aff. dumbli (Cragin) which occurs in the 
Lower Turonian of north-eastern Nigeria (it is also known from 
Damergou, French Niger Territory). 


Family Schloenbachiidae Spath, 1925 


Schloenbachiidae split off from Hoplitidae late in the Upper Albian | 
according to Spath (1928, p. 240) over successive lines and he considers | 
Anahoplites planus (Mantell) as the direct forerunner of Schloenbachia 
(and also of Lepthoplites and Pleurohoplites). Wright (1952, p. 220) has 
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livided the family into Schloenbachiinae s. str. and Forbesiceratinae 
see also Spath, 1928, p. 241) on the basis of whorl-shape, ornament 
ind complication of the suture line. The Nigerian Cretaceous contains 
. single species of Euhystrichoceras Spath, 1923 (type species: Am- 
nonites nicaist Coquand) (Schloenbachiinae), a keeled schloenbachiid 
. the Lower Cenomanian of the Odukpani formation, south- 
astern Nigeria. The subfamily Forbesiceratinae Wright, 1952 is repre- 
ented by species of the genus Forbesiceras Kossmat, 1897 (type species: 
mmonites largilliertianus d’Orbigny). These are F. sculptum Crick and 
. aff. conlint Stephenson from the Upper Cenomanian zone of Twrrilites 
heuchzerianus in the Odukpani formation. 


Superfamily Acanthocerataceae 


: The interrelationships of the various families of this superfamily 
ceurring in the Nigerian Cretaceous are shown in fig. 5. The indica- 
ions are, that Brancoceratidae and Lyelliceratidae branched off from 
Jesmoceratidae in the upper part of the Lower Albian. Spath (1942, p. 
09) has shown more or less conclusively, that these two families had 
heir origin in the Brancoceras group. Furthermore, Lyelliceratidae 
ppears to have produced Acanthoceratidae at the close of the Albian. 
t should here be mentioned, that the Acanthocerataceae are the 
ominant superfamily in the Nigerian, as well as the West African 
retaceous. The superfamily ranged from the top of the Lower Albian to 
he end of the Cretaceous Period. It remains only to be pointed out that 
1e Acanthocerataceae are a very homogeneous, though sizeable, group. 


Family Brancoceratidae Hyatt, 1900, Spath, 1934, 
Reyment, 1955 (synonym; Hystatoceratidae Hyatt, 1900). 


Before proceeding further, the author’s reasons for adopting this 
mily name in a recent monograph of the Nigerian Cretaceous am- 
ionoidea should be discussed. The author considers with Spath (1934, 
465) that Hystatoceras Hyatt, 1900 is a synonym of Brancoceras 
einmann, 1881, not Hyatt, 1884 (see also Breistroffer, 1952, p. 267). 
yatt designated Ammonites senequiert d’Orbigny as type species of 
s Hystatoceras and even though this may be generically separable 
om the lectotype species of Brancoceras Steinmann, 1881 (aegocera- 
ides) (see Spath, 1934, p. 467), Hystatoceras must be regarded as a 
nonym of Brancoceras. Two other recent synonyms of Brancoceras 
e Parabrancoceras Breistroffer, 1952 (which may be possible to retain 
a subgenus) and Eubrancoceras Breistroffer, 1952. The Brancocera- 
Jae are, in accordance with Wright (1952, p. 221), considered to con- 
in the three subfamilies, Brancoceratinae s. str., Mojsisovicziinae 
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MAESTRICHTIAN 


Fig. 5. Schematic diagram showing the author’s views of the phylogenetical 
relationships within Acanthocerataceae. 


Sphenodiscidae 


Lenticeratinae 


Peroniceratidae 
Barroisiceratinae 


Tissotiinae 


Pseudotissotiinae 
Coilopoceratinae 


Mammitinae 


Collignoniceratidae 
Vascoceratidae 


Metoicoceratinae 


Acanthoceratidae 


Mantelliceratinae 


Lyelliceratidae 


Hyatt, 1900 and Mortoniceratinae Douvillé, 1912. Brancoceratidae 
first appeared late in the Lower Albian and became extinct in the 
Lower Cenomanian. 


Subfamily Brancoceratinae s. str. 
(synonym Hystatoceratinae Wright, 1952) 


This subfamily consists of the Lower Gault genus Brancoceras Stein- 
mann, 1881 (synonyms Hystatoceras, Parabrancoceras, Eubrancoceras; 
see above), the root stock of Brancoceratidae, and its direct successor. 
Hysteroceras Hyatt, 1900 (type species: Ammonites varicosus Sowerby). 
In this group lie thus the roots of subsequent brancoceratid evolution 
with the production of Mojsisovicziinae and later, Mortoniceratinae. 
Spath defines the Brancoceratinae as (1934, p. 465) »generally small, 
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rimitive ..., with carina absent or feeble and transient on the inner 
horls, which are characterized by a tendency to acquire capricorn 
= presumably shaped liked the horns of a goat, present author’s 
observation) ribbing, if only near the mouth border, and by very simple 
utures». This definition could perhaps be added to, inasmuch as 
although some Hysteroceras certainly are feebly keeled on the inner 
whorls, there is a second group (the group of Hysteroceras carinatum 
Spath) in which the ribs do not coalesce on the venter and the keel 
ersists. The older idea that Brancoceras and Hysteroceras are degenerate 
offshoots of keeled stock is now known to be erroneous (Spath, 1934, 
. 466). The true picture in the case of Brancoceratinae is the reverse, 
ror keeled stock have developed from unkeeled. This trend is clearly 
heralded by the cenogenetic appearance of keels on some juvenile 
Hysteroceras, with the assumption of Brancoceras-like ornament in the 
udult. This process appears to have been accelerated in brancoceratids 
for some Hysteroceras lost all vestiges of the Brancoceras type of orna- 
ment and were keeled throughout, and the very earliest stages of 
Dipoloceras and Mortoniceras are carinate. In the Brancoceratidae, the 
principal evolutionary trend seems to have been cenogenesis. Another 
Jevelopment of this family was from the simple sutures of Branco- 
ceratinae to the relatively complicated sutures of some Mortoniceratinae. 
With regard to the connection between degree of evolution and devel- 
ypment in Brancoceratidae, it should be noted that although there was 
some tendency towards increase in degree of evolution coupled with 
ncrease in the height of the whorls, as shown by Prohysteroceras and 
nore so by its derivative Neoharpoceras, the overall change was negli- 
sible and Mortoniceras (Durnovarites) Spath, a very late mortoniceratid, 
was as evolute and square-whorled as any of its ancestors. It might be 
isked why the various features of the suture line are not given greater 
mportance in the systematics of this family or, for that matter, Acan- 
hocerataceae as a whole. The fact is that in this superfamily the suture 
ine in most cases shows great variation and instability within one and 
he same individual and this becomes particularly so in the case of 
hort, dead-end lineages such as Brancoceratinae, Vascoceratidae, and 
Joilopoceratinae. Spath (1934, p. 468) in discussing this subject in con- 
ection with Brancoceratinae figured a large number of suture lines of 
Iysteroceras and allied forms (text-figs. 160, 161) in order to illustrate 
he great variation of certain features considered by older authors to 
e of considerable systematic importance (e. g. Douvillé, 1890, 1912). 
‘or example, the bifid or trifid subdivision of the first lateral lobe, the 
rder of appearance of new incisions at the umbilical suture, the litwid 
nternal lobe, the ceratitic saddles, the number of auxiliary lobes. Purely 
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morphological characters like the ornament of the shell are certainly 

of no greater systematic importance than the suture line, but in the 

Brancoceratidae and the rest of Acanthocerataceae as a whole, the 

ornament is the most significant single diagnostic feature. The Nigerian 

Upper Albian has yielded the following species of Hysteroceras (zone of ' 
Dipoloceras aff. bouchardianum): Hysteroceras sp. Nov.; (zone of Hystero- 

ceras binum): Hysteroceras binum (Sowerby), H. aff. binum (Sowerby), 

H. orbignyi Spath, H. aff. multifalcatum (van Hoepen), and H. aff. 

semileve Haas. 


Subfamily Mojsisovicziinae Hyatt, 1900 


(synonymy: Dipoloceratidae Spath,. 1921, Dipoloceratidae Spath, 1931 
(in part), Dipoloceratidae Spath, 1934, Cechenoceratidae van Hoepen, 
1941, Dipoloceratidae Haas, 1942) 


Mojsisovicziinae Hyatt, 1900 must replace Dipoloceratinae Spath, 
1921 etc. (see above), since Mojsisoviczia is a member of Spath’s Dipo- 
loceratinae 1921 and his Dipoloceratidae, 1931. The Nigerian Middle 
Albian is rich in oxytropidoceratids, the representatives of which 
strongly resemble certain Malagasy faunas described by Collignon. 
The author regards Oxytropidoceras Stieler, 1921 (synonym Parozxy- 
tropidoceras Breistroffer, 1951) (type species of Oxytropidoceras: Am- 
monites roissyanus d’Orbigny) as a distinct species, but Androiavites 
Collignon, 1936 (type species: O. (Androvavites) besairier Collignon), 
Manuaniceras Spath, 1925 (type species: Pseudophacoceras manuanense 
Spath), and Adkinsites Spath, 1931 (type species: Ammonites belknapi 
Marcou) are based on too slight details of ornamental variation to 
permit anything but subgeneric distinction. According to Spath (1931. 
p. 352) this group has produced Dipoloceras by various transitions 
through, for example, the group of D. delaruei and the group of D. 
cristatum and has even given rise to Mortoniceras s. str. A more likely — 
development seems to the present author to be as indicated on p. 63: 
Oxytropidoceratids have not been found in the well-studied Angolan 
faunas which seems to the present author to indicate the absence of all 
but the top of the Middle Albian. Dipoloceras, as also Oxytropidoceras 
s. 1. are of wide geographical distribution and occur in America, India, 
Zululand, Madagascar, British West Africa, and Europe. The following 
species referable to this subfamily have been recovered from the Nige- 
rian Albian: O. (Oxytropidoceras) cf. bravoense (Bose), O. (Androiavites) 
aff. paucituberculatum Collignon, O. (A.) cf. besairiei Collignon, O. (Ma- 
nuaniceras) aff. ornatum Besairie, O. (M.) aff. applanatum Collignon, 0. 
(M.) aff. béser Knechtel, Dipoloceras sp. indet, D. aff. bouchardianum 
(d’Orbigny), and D. quadratum Spath. The Oxytropidoceras species are 
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Oxytropidoceras 


Dipoloceras 


Mojsisoviczia 


”’Brancoceras’’ 


ll from the zone of O. cf. bravoense, the remaining three from the zones 
f D. aff. houchardianum and H. binum. Haas (1942, p. 138) has at- 
smpted to reconstruct the phylogenetical relationships (see fig. 18) 
etween the genera Dipoloceras, Neokentroceras, Hysteroceras, Mortoni- 
ras, Prohysteroceras, Elobiceras, and Neoharpoceras. His interpreta- 
on loses much of its significance when it is remembered that Haas had 
o field evidence for his assumptions concerning the order of the strata 
he material was extracted from a few limestone blocks, the strati- 
raphical orientation of which was unknown), and that the present 
uthor has recently been able to demonstrate the true phylogenetical 
mnexions of Neokentroceras (Reyment, 1955d, p. 39). The frag- 
entary state of the figured material suggests, that the fossils were 
sposited in shallow-water, near-shore sediments. This would also 
‘plain the mixed nature of Haas’ phylogenetic results, particularly 
reworking be taken into account, even though »groups of extinct 
“ings of very different evolutionary stages can live within the same 
unal assemblage» (Haas, 1942, p. 141). In short, Haas’ conclusions 
mceerning the connexions between Neokentroceras and the other genera 
own in his diagram (fig. 18) are incorrect. 


Subfamily Mortoniceratinae Douvillé, 1912 
ynonymy: Inflaticeratidae Spath, 1921, Pervinquieriinae Spath, 1926, 
estoceratidae van Hoepen, 1942, Cainoceratidae van Hoepen, 1942, 
epanoceratidae van Hoepen, 1941, Erioliceratidae van Hoepen, 1955.) 


The author follows Spath in believing Ammonites vespertinus Morton 
be a genuinely identifiable species (cf. Reyment, 1955 d, p. 29; also 
right, 1952, p. 221). Mortoniceras vespertinum is a normal trituber- 
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culate Mortoniceras and Inflaticeras Stieler, Pervinquieria Bohm and! 
Subschloenbachia Spath are synonyms. The Mortoniceratinae represent' 
the last group of Brancoceratidae and they are confined to the top of! 
the Middle Albian and to the Upper Albian. In Spath’s (1932) treatment 
of Mortoniceratinae no provision is made for M. (Mortoniceras), 1. e.. 
typical Mortoniceras, the name Pervinquieria being applied incorrectly, 
instead. Spath (1942) has summed up his views on the evolution of! 
the Brancoceratidae. Referring to table III (p. 707), it will be found! 
that Oxytropidoceras is considered to begin very low down in the Middle: 
Albian (at Folkestone it begins in the monile subzone). The derivation: 
of O. (Adkinsites) in the middle of the Middle Albian and the separate: 
derivation of O. (Androiavites) and O. (Manuaniceras) later does nott 
seem probable, particularly as Androiavites and Adkinsites are hardly; 
distinguishable from each other. The present writer considers Oxy-- 
tropidoceras to be fairly closely connected with Dipoloceras. Mortonicerass 
branched off from the Dzpoloceras lineage in late Middle Albian times: 
and produced firstly the primitive bituberculate forms (for example,. 
the group of Mortoniceras pricet) and later, trituberculate forms (fort 
example, the group of Mortoniceras inflatum). As the present writer 
has been able to demonstrate (Reyment, 1955 d, p. 39), Neokentrocerass 
Spath (type species: NV. curvicornu Spath) is an offshoot of trituber-- 
culate Mortoniceras and is not derived from Hysteroceras (cf. Spath, | 
1942, p. 707; Haas, 1942, p. 141). The typical features of Neokentroceras,, 
the bituberculation and the feeble ribbing, are thus cenogenetic. Mor- 
toniceras (Durnovarites) Spath (type species: Subschloenbachia perinflata 
Spath) represents the final evolutionary product of this lineage, with 
M. (Angolaites) Spath (type species: Subschloenbachia gregoryi Spath)\ 
as an earlier side development. The derivation of Elobiceras Spat 
(type species: Schloenbachia elobiensis Szajnocha) directly from Dipolo- 
ceras is unlikely. The indications are that Elobiceras split off fro 
Mortoniceras early in the Upper Albian. The distinctive spiral ornament: 
of this genus (this is known in other ammonites — ef. Reyment, 1956) 
occurs in some Mortoniceras s. str. and more feebly in some Mojsisovie- 
ziinae. Prohysteroceras Spath (type species: P. wordiei Spath) gave ris 
to Neoharpoceras Spath (type species: Ammonites hugardianus d’Or- 
bigny), but the two former genera did not, in West Africa at least, 
reach the top of the Upper Albian; both they and Neoharpoceras di 
not range beyond the zone of EF. lobitoense. The following Mortonicera~ 
tinae have been collected from the Nigerian Albian, (zone of Hystero 
ceras binum): M. (Mortoniceras) pricei Spath, M. (M.) aff. pricet Spath 
M. (M.) subrotundum (Spath), M. (M.) kiliani Lasswitz, M. (M.) ef. 
romert (Haas), M. (M.) aff. multicostatum (van Hoepen), M. (M.) sp.. 
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lobiceras cf. intermedium Spath, E. cf. subelobiense Spath; (zone of 
lobiczras lobitoense (Crick MS.) Spath; Mortoniceras (Mortoniceras) 
volutum (Spath), M. (M.) quadrinodosum Spath, M. (M.) cf. barbouri 
Haas), M. (M.) aff. wintoni (Adkins), M. (M.) cf. pachys (Seeley), 
. (M.) cf. nodoso-costatum (van Hoepen), M. (M.) evolutum amekaense 
eyment, M. (Angolaites) gregoryi (Spath), Neoharpoceras densicostatum 
eyment, Elobiceras sp. indet., Neokentroceras curvicornu curvicornu 
path, NV. c. crassicornutum Reyment, Prohysteroceras wordiei Spath, 
. Sp. Juv., Elobiceras lobitoense (Crick MS.) Spath, E. aff. densicostatum 
:. MS.) Spath, E. angustum Spath, E. newtoni Spath; (zone of 
toliczkaia africana Pervinquiére); Mortoniceras (Durnovarites) depres- 
-" Spath, M. (D.) quadratum Spath, M. (D.) levecostatum Reyment, 
. (D.) ishiaquense Reyment. 


Family Lyelliceratidae Spath, 1921 


_Lyelliceratidae includes few genera amongst which are Lyelliceras 
spath, Neophlycticeras Spath, Tegoceras Hyatt (synonym = Raulini- 
eras Douvillé), Budaiceras Bose and Stoliczkaia Neumayr (see Spath, 
931, p. 313) of which only the last-named is known from Nigeria. The 
amily includes forms showing a wide variety of ventral differentiation — 
ulcate periphery, siphonal tuberculation, and strongly ribbed venters — 
hus showing a remarkable degree of plasticity in the stock. The author 
grees with Spath that the resemblance between certain Lyelliceras and 
srancoceras is greater than, as Jacob (1908) wrote, between certain 
Mrpoloceras and Lyelliceras (for example, between Dipoloceras delaruei 
nd Lyelliceras gevreyi) and therefore the probability of the common 
rigin of Lyelliceratidae and Brancoceratidae from the Brancoceras 
roup of forms is greater than from the Dipoloceras group. Lyellicera- 
idae are considered to have given rise to the Cenomanian family 
canthoceratidae and in Central Europe, Stoliczkaia Neumayr (type 
pecies: Ammonites dispar d’Orbigny) is known to range into the Ceno- 
lanian. The connexion between Lyelliceratidae and Acanthoceratidae 
lay be considered to be through Submantelliceras, but as Spath (1931) 
as pointed out, Douvillé’s (1912, pp. 296—297) derivation of Acantho- 
sratidae from the Barremian family Pulchelliidae on the basis of the 
symmetry of the first lateral lobe is incorrect (cf. Reyment, 1956). 
toliczkaia is represented in Nigeria by the species S. africana Per- 
mquiére, which occurs sparsely in the uppermost part of the Albian, 
hiagu, Ogoja Province. 
Family Acanthoceratidae de Grossouvre, 1894 


The author follows Wright (1952) in believing the above family to 
ive been derived from Lyelliceratidae early in the Cenomanian (see 
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fig. 5). It is well represented in the Nigerian Upper Cretaceous where 
the subfamilies Mantelliceratinae, Metoicoceratinae, Mammitinae, and 
Acanthoceratinae s. str. occur. The family ranged from the Lower 
Cenomanian into the Upper Turonian; it produced Vascoceratidae late 
in the Cenomanian or early in the Turonian (Reyment, 1955, p. 62) 
and gave rise to Tissotiidae (Reyment, 1955 d, p. 70) and probably 
Collignoniceratidae (fig. 5) about the same time. 


Subfamily Mantelliceratinae Hyatt, 1903 


This family is believed to have split off from Lyelliceratidae at the 
beginning of the Cenomanian (Wright, 1952, p. 215) and, as already 
has been mentioned above (p. 65), seems to be connected with that. 
family through many transitions. In its turn, Mantelliceratinae appears | 
to have produced Acanthoceratinae (probably through such forms as + 
Eucalycoceras lymense Spath and Calycoceras newboldi (Kossmat); cf. 
Spath, 1926, p. 427). As far as is known, the subfamily is poorly repre-. 
sented in Nigeria where Calycoceras sp. indet. (cf. Reyment, 1955 d, 
p. 47) has been collected from the zone of Turrilites scheuchzerianus in . 
the Odukpani formation. A poorly preserved specimen referable to the : 
genus Sharpeiceras has recently been found in the same zone. 


Subfamily Metoicoceratinae Hyatt, 1903 


This subfamily is represented in Nigeria by the genera Metoicoceras : 
Hyatt (type species: Ammonites swallovi Shumard) and Acompsoceras : 
Hyatt (type species: Ammonites bochumensis Schliiter), both of which - 
occur in the Cenomanian of south-eastern Nigeria. The author con-- 
siders the relationships within this subfamily to be as follows: The: 


Metoicoceras 


” Acanthoceras”’ vicinale 


Acompsoceras 


Acanthoceras flexuosum 


group of compressed acanthoceratids of Acanthoceras flecwosum Crick 
is thought to have produced Metoicoceras on the one hand, through | 
the group of »Acanthocerasy vicinale (Stoliczka), and Acompsoceras on 


Bs foe ela | STRATIGRAPHY AND PALAEONTOLOGY 67 


he other hand. Acompsoceras lies nearer to the acanthoceratid ancestor 

s is shown by the weakly keeled, crenulate venter. The following 
psi have been identified from the Upper Cenomanian zone of 
urrilites scheuchzerianus, Odukpani formation, south-eastern Nigeria: 
ha aff. ornatum Moreman, M. aff. latoventer Stephenson and 
compsoceras sp. nov. 


Subfamily Acanthoceratinae s. str. 


Acanthoceratinae is derived directly from Mantelliceratinae by 
nerease in the strength of the tuberculation and development of the 
iphonal row of tubercles and, in many cases, suppression of the ribbing 
see p. 65). The late Upper Cenomanian to Upper Turonian derivative 
f Acanthoceras, Romaniceras Spath, 1923 (type species: Ammonites 
everiai d’Orbigny) usually exhibits an increase in the number of tuber- 
les. The Nigerian Upper Cretaceous contains the following members 
f this subfamily; from the Cenomanian zone of Turrilites scheuch- 
rianus (Odukpani formation): Acanthoceras sp. juv., A. aff. hippo- 
ustanum (Sowerby); from the zone of Romaniceras uchauxiense Col- 
gnon (Mungo River formation): Romaniceras uchauxiense Collignon. 
. aff. deverioide (de Grossouvre), and R. cf. deveriai (d’Orbigny) from 
ae probable northwesterly extension of this zone near Arochuku in 
1e Lower Cross River area. The present writer believes, that the roots 
f many of the variable families, particularly of the Lower Turonian. 
e in Acanthoceratinae. Thus Vascoceratidae branched off from Acan- 
1oceratinae through Nigericeras in the beginning of the Lower Turo- 
ian; Mammitinae is probably directly derived, as also Pseudotisso- 
inae, from Acanthoceratinae; Collignoniceratidae split off in late 
enomanian time. These relationships are more closely discussed under 
le pertinent headings. 


Subfamily Mammitinae Hyatt, 1900 


The status of this group has only recently become relatively clear, 
ainly owing to the evidence of the Nigerian Lower Turonian material. 
he subfamily is considered by the author to contain the genera Pseudas- 
doceras Hyatt, 1903, Mammites Laube and Bruder, 1887, Watinoceras 
arren, 1930, Benueites Reyment, 1954, Kamerunoceras Reyment, 
54, and Metasigaloceras Hyatt, 1903, all of which except the last- 
med genus occur in the Nigerian Lower Turonian. As the writer has 
inted out on a previous occasion (Reyment;, 1954, p. 248), the 
ccession of Nigerian ammonite faunas, particularly in the Turonian, 
likely to provide a valuable key to detailed correlation in the wide 
thyan region. This hope will, however, not be realized until. the 
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variable Lower Turonian derivatives of Acanthoceratidae are securely: 
classified. The connexion with Acanthoceras is through Neocardioceras : 
Spath, which by loss of the siphonal row of tubercles, has resulted in) 
Watinoceras Warren (type species: W. reeseder Warren) and _ later,. 
Benueites Reyment (type species: B. benueensis Reyment), the general! 
trend being marked by degeneration of the ornament. The author con-: 
siders the last-named genus to mark the end of the lineage. It might; 
be held that Benweites had hoplitid ancestry, since the ventral sulcus: 
of the genus together with the ornament does bear a certain resemblance : 
to some hoplitids, but clear transitions from Watinoceras through such 
forms as W. reesidei and B. spinosus of Benueites clearly indicate the> 
relationship. Mammites Laube and Bruder (type species: Ammonites; 
nodosus Schlotheim) is an offshoot of typical Watinoceras through) 
probably such a form as W. coloradoense (Henderson). Pseudaspido- 
ceras Hyatt (type species: Ammonites footeanus Stoliczka) and Meta-- 
sigaloceras. Hyatt (type species: Ammonites rusticus Sharpe) are probably 
side developments of this evolutionary trend. The position of Kameruno-- 
ceras Reyment is not quite clear, but it may well prove to be an offshoot} 
of Neocardioceras or a close relative, such as Protacanthoceras (a late> 
Cenomanian form), of much the same nature as Benueites, but which, 
has retained the siphonal row of tubercles. Summing up the above> 
observations the development of Mammitinae might have been: 
| 


Metasigaloceras 


Mammites 
Pseudaspidoceras 


Benueites 


Watinoceras Kamerunoceras + 


wr@rwr wr em wm em wm ee ww ee ew a 


4 ; 
/ Neocardioceras Protacanthoceras \ 


The following species are known from the Nigerian Turonian. Zone! 
of Pachyvascoceras costatum Reyment, lowermost Turonian: Pseuda-- 
spidoceras paganum Reyment (northeastern Nigeria), P. curvicostatum : 
Reyment (southeastern Nigeria), Mammites dixeyt dixeyi Reyment, 
M. d. laevis Reyment; zone of Kamerunoceras eschiwt (Solger): Mam-- 
mites mutabilis mutabilis Reyment, M. m. benueensis Reyment, M. cf. 
afer Pervinquiére, Watinoceras aff. reesidei Warren, W. aff. amudariense 
(Arkhanguelsky), (Reyment 1955 c, p. 425), Benueites spinosus Rey- 


ment, B. benueensis Reyment, Kamerunoceras jacobsoni Reyment, 
K. eschit (Solger). | 
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Family Vascoceratidae Douvillé, 1912 


The very homogeneous nature of this group makes it unnecessary 
nd even impossible to recognize subdivisions of subfamilial level. The 
mily is richly represented in the Nigerian Lower Turonian, partic- 
larly the lowermost zone. The following genera are recognized as 
elonging here: Vascoceras Choffat, 1898, Pachyvascoceras Furon, 
935, Paramammites Furon, 1935, Paravascoceras Furon, 1935 (= Para- 
nthoceras Furon, 1935, cf. Reyment, 1955 d, p. 63), Plesiovascoceras 
path, 1926, Nigericeras Schneegans, 1943, Thomasites Pervinquiére, 
907, Fagesia Pervinquiére, 1907, Neoptychites Kossmat, 1895, Gom- 
eoceras Reyment, 1954, Ezilloella Reyment, 1954, and Spathites Kum- 
el and Decker, 1954. This family has branched off from Acantho- 
eratinae by way of Nigericeras Schneegans (type species: N. gignourt 
chneegans). Although this may not be apparent judging from the 
auna figured by Schneegans (1943), it becomes more so if the transi- 
ional form (cf. »the transitional and often ’unplaceable’ early forms 
f a group» (Wright, 1952, p. 217) as represented by the species Nigeri- 
eras ogojaense Reyment, be subjected to examination. This species 
etains its acanthoceratid ornament into the adult and is relatively 
frongly ornamented even on the body chamber. There is, in fact, 
vuch to be said for including this genus with Acanthoceratinae in- 
tead of Vascoceratidae. By loss of ornament Nigericeras either directly 
r indirectly produced the other members of this family (cf. Reyment, 
954 c, p. 260; 1955 d, p. 62). The various trends within this group 
ave been discussed by the author on previous occasions and there is 
o need to repeat these ideas here. It is believed by the writer that 
seudotissotiinae and Vascoceratidae have had their origin in the 
ume group, in probably some form closely related to, but ancestral to 
‘agericeras Schneegans. The close connection between Vascoceratidae 
ad Pseudotissotiinae is shown by the similarity between early Pseudo- 
ssotia (Bauchioceras) Reyment and early Gombeoceras (Reyment, 
54 a, p. 150). Gombeoceras comprises rather inflated forms with dis- 
wnt, subdued siphonal, ventrolateral and occasional umbilical tubercles, 
ut usually after an early stage with virtually no ribs; late forms of 
lis genus tend to be more compressed (G4. subtenue Reyment, for 
cample). P. (Bauchioceras) on the other hand, includes more com- 
‘essed, higher whorled ammonites in which the rows of ventrolateral 
id siphonal tubercles rapidly fuse into continuous keels, moreover the 
bs, which are equipped with stronger bullae than is the case with 
ambeoceras, generally persist a little longer than in Gombeoceras. The 
rly forms of the subgenus Bauchioceras tend to have somewhat more 
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inflated flanks and an arched to fastigate venter, thus bearing con-: 
siderable resemblance to Gombeoceras. The Vascoceratidae are mainly’ 
confined to the Nigerian zone of Pachyvascoceras costatum, i.e., the: 
lower zone of the Lower Turonian. The following species have been) 
described and figured: Zone of P. costatum; Nigericeras ogojaense: 
Reyment, Gombeoceras gongilense (Woods), G. subtenue Reyment,, 
G. koulabicum (Kler), G. ? bulbosum Reyment, Vascoceras nigeriense: 
Woods, Pachyvascoceras costatum Reyment, P. proprium propriumi 
Reyment, P. p. plenum Reyment, P. globosum Reyment, Paravas-- 
coceras aff. chevaliert (Furon), Ezilloella ezilloensis Reyment; zone of! 
Kamerunoceras eschii; Neoptychites perovalis (von Koenen), NV. telingae- - 
formis Solger, N. crassus Solger. The wide horizontal distribution of the: 
Vascoceratidae makes them eminently suitable as zone fossils, par-- 
ticularly from the point of view of world-wide correlation. For further, 
comments on this subject the reader is referred to two recent papers: 
by the author (Reyment, 1954 ¢ and 1955 d). ; 


Family Collignoniceratidae (Hyatt, 1900), Wright and Wright, 1951| 
(syn. Prionotropidae Hyatt, 1900, Prionocyclidae Haas, 1948) 


This family appears to have diverged from Acanthoceratidae very 
late in the Upper Cenomanian through such forms as Sehcynosall 
Warren and Stelck (type species: S. boreale Warren and Stelck). As: 
far as is known at present, the Nigerian Cretaceous is without repre-- 
sentatives of Collignoniceratinae s. str., but the other subfamily referred 
here, Barroisiceratinae Basse, 1947, is well distributed. The constitu- 
tion of the subfamily has been discussed by the present writer on two! 
occasions (Reyment, 1954 c; 1955 d) and it is here proposed to restrict # 
discussion to the phylogeny of this group. Barroisiceratinae has usually} 
been placed as a subfamily of Tissotiidae Hyatt since strongly orna- 
mented Zvssotva often resemble certain barroisiceratids. Certain Uppert 
Turonian Subprionocyclus (cf. Reyment, 1955 d, p. 67) are directly; 
transitional to typical Barroisiceras and have an obliquely trifid first’ 
lateral saddle as in Diaziceras. Consequently Barroisiceratinae is more! 
correctly grouped under Collignoniceratidae. Much of the basis for: 
grouping Barroisiceras with Tissotiidae appears to have arisen throught 
false attribution of certain Barroisiceras to Tissotia (Reyment, 1956). 


Subfamily Barroisiceratinae Basse, 1947 


The author, with Basse (1947), recognizes two main groups withi 
Barrowsiceras s. 1. — forms with and forms without mediolateral tuber 
cles. In a recent work (Reyment, 1955 d), the Barroisiceras without 
mediolateral tubercles were referred to Barroisiceras s. str. with th 
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subgenera Barroisiceras and Texasia. Those forms which have medio- 
lateral tubercles are grouped into the genus Forresteria with the sub- 
genera Forresteria, Reesideoceras and Harleites. Solgerites Reeside 
(= Piveteauoceras Basse, cf. Reyment, 1954 c, p. 265) is regarded as a 
separate genus. The following species are known from the Coniacian 
zone of Tissotia latelobata Solger. B. (Barroisiceras) sp. indet., F. (For- 
resteria) serrata Reyment, F. (Reesideoceras) camerounensis (Basse), 
F. (Harleites) harlei (de Grossouvre), Solgerites tuberculatus Reyment, 
S. brancoi (Solger), S. armatus (Solger). The Nigerian barroisiceratids 
are known mainly from south-eastern Nigeria and the Cameroons, but 
S. armatus, S. tuberculatus, and F. (H.) harlei occur in north-eastern 
Nigeria. This subfamily is entirely Coniacian in age. 


Family Peroniceratidae Hyatt, 1900 


This family is here considered to consist of the subfamilies Peroni- 

ceratinae s. str. and Texanitinae Collignon, 1948. The author considers 
that Peroniceratidae diverged from Collignoniceratidae either late in 
the Upper Turonian or very early in the Coniacian. Collignoniceras 
(Selwynoceras), through such a form as C. (S.) boreale Warren and Stelck, 
has produced Collignoniceras s. str., which in the Turonian, at a fairly 
late stage, seems to have given rise to Subprionocyclus through such a 
form as C. carolinum (Schliiter). Subprionocylus seems to have produced 
many Coniacian derivatives and connexions may be seen between this 
sroup and Texanitinae, Peroniceras, Gauthiericeras, Prionocycloceras, 
Reesidites and Barroisiceras. The present writer is inclined to the view 
that the relationship between Peroniceras and Gauthiericeras may not 
be as close as has often been considered to be the case. Prionocycloceras 
is reasonably certainly the ancestor of Gauthiericeras, as for example, 
s indicated by the group of P. guyabanus (Steinmann) in which the 
keel tends to become continuous, as in Gauthiericeras, but the recent 
find of a quadrituberculate Peroniceras in Nigeria (Reyment, 1955 d, 
p. 91) rather suggests direct connexion with Subprionocyclus and close 
elationship to Texanitinae, as is particularly shown by the nature of 
‘he tuberculation, bullate umbilical tubercles, bullate mediolateral 
and inner ventrolateral tubercles and a row of clavate outer ven- 
‘rolateral tubercles. The possible development of the group may be 
epresented as shown in the figure on p. 72. é' 
- Peroniceratidae is fairly well represented in the Nigerian Senonian 
where species of Gauthiericeras de Grossouvre, 1894 (type species: 
Ammonites margae Schliiter), Peroniceras de Grossouvre, 1894 (type 
pecies: Peroniceras moureti de Grossouvre) and Texanites Spath, 1932 
type species: Ammonites texanus Romer) occur. 
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Gauthiericeras | 


Bs po tn: 
Barroisiceras Peroniceras 


Reesidites 


Prionocycloceras Texanitinae 


Subprionocycloceras 


C. (Collignoniceras) 


C. (Selwynoceras) 


Subfamily Peroniceratinae s. str. 


This subfamily is represented in the Coniacian (zone of Tvssotia 
latelobata) of Nigeria and the Cameroons by the following species: 
Peroniceras dravidicum (Kossmat), P. cz6rnigi (Redtenbacher), P. aff. 
cocchi (Meneghini), P. latelobatum Riedel, P. cf. westphalicum australe 
Venzo. Gauthiericeras occurs as a single new species, here referred to 
as G@? aff. propoetidum (Redtenbacher), but differs somewhat from 
that species in being more densely ribbed and more finely tuberculated. 
It was collected from south of Odukpani, south-eastern Nigeria. 


Subfamily Texanitinae Collignon, 1948 


Collignon erected a family, Texanitidae, on the basis of rich Malagasy 
collections, for the group of »Ammonites texanus». The present author — 
believes the group to be too closely connected with Peroniceratinae 
to permit more than subfamilial distinction. The Texanitinae includes — 
such genera and subgenera as Texanites Spath, Parabevahites Collignon, © 
Bevahites Collignon, Submortoniceras Spath, Menabites Collignon, — 
Bererella Collignon, Australiella Collignon, and Delawarella Collignon. 
The subfamily is represented in the Cameroons by two species from the — 
zone of Texanites cf. quattuornodosus in the upper part of the Mungo — 
River formation, namely, 7. cf. quattuornodosus (Lasswitz) and 7’. aff. 
soutont (Baily). This latter species was originally referred doubtfully © 
to Submortoniceras Spath by the writer (1955 d), but recent investiga- 
tions show that Ammonites soutoni Baily is really a Texanites of San- 
tonian age é, 
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Family Tissotiidae Hyatt, 1900 


Tissotiidae comprises the subfamilies Coilopoceratinae Hyatt, 1903, 
Pseudotissotiinae Hyatt, 1903, Tissotiinae s. str., Lenticeratinae 
Hyatt, 1900. As Wright (1952, p. 221) has stated, Tissotiidae may be 
polyphyletic, but with Barroisiceratinae now grouped with Collignoni- 
peratidae, a good deal of the uncertainty of the connexions within the 
family has been cleared up. The family ranges from Lower Turonian 
to Campanian and is important in the Nigerian Cretaceous. The prob- 
ca interrelationships of the West African genera belonging to this 
amily were diagrammatically represented by the author in a recent 
paper (Reyment, 1955 d, text-fig. 31). 


Subfamily Pseudotissotiinae Hyatt, 1903 


This subfamily contains the following genera and subgenera: Pseudo- 
assotia (Pseudotissotia) Péron, P. (Bauchioceras) Reyment, P. (Wrighto- 
eras) Reyment, C. (Choffaticeras) Pervinquiére, C. (Leoniceras) Dou- 
villé, and Plesiotissotia Péron. Pseudotissotiinae is derived from Acan- 
shoceratidae through Bauchioceras (type species: Hoplitoides nigeriensis 
Woods), which phylogenetic connexion has already been discussed 
under Vascoceratidae. Bauchioceras, by slight modifications probably 
wroduced Pseudotissotia Péron (type species: Ammonites galliennet 
V Orbigny) and by strong modification of the ventral keel (through 
P. (B.) tricarinata (Reyment)), gave rise to Choffaticeras Hyatt (type 
pecies: Pseudotissotia mesler Péron), thence Leoniceras Douvillé (type 
pecies: P. (Choffaticeras) luciae Pervinquére). Wrightoceras Reyment 
type species: Bauchioceras (Wrightoceras) wallsi Reyment) a subgenus 
f Pseudotissotia that lacks a central keel, appears to provide the con- 
ecting link with Coilopoceratinae through Hoplitoides von Koenen, 
he young of which have either tabulate or concave venters. Pseudo- 
issotiinae gavo rise to Tissotiinae over Choffaticeras in the Upper 
‘uronian. This view is supported by the discovery of an ammonite 
epresenting a transition between Choffaticeras and Tissotia in the 
Jpper? Turonian of north-eastern Nigeria (Reyment, 1955 d, pL2l6, 
igs. 2a, b). It is fastigate and is on the inner whorls tricarinate. The 
lowing species and genera belonging to Pseudotissotiinae are known 
om the Nigerian Turonian. All are either definitely members of, or 
robably connected with, the zone of Pachyvascoceras costatum Rey- 
1ent at the bottom of the Nigerian Turonian. Pseudotissotia (Bauchio- 
ras) nigeriensis (Woods), P. (B.) tricarinata (Reyment), P. (Wrighto- 
ras) wallsi (Reyment), Choffaticeras (Choffaticeras) spathi Reyment, 
nd Choffaticeras (Leoniceras) cf. massipianum (Pervinquiere). 
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Subfamily Coilopoceratinae Hyatt, 1903 


The subfamily Coilopoceratinae comprises the three genera Gleboso- | 
ceras Reyment, Coilopoceras Hyatt, and Hoplitoides von Koenen. As} 
noted above, this group is probably derived from Pseudotissotiinae by ’ 
way of Bauchioceras; it is characterized by the extreme width of’ 
the first lateral saddle. Within the subfamily it appears Gilebosoceras } 
(type species: Glebosoceras glebosum Reyment), with its galleate whorl | 
section at all stages, is more closely related to Coilopoceras (type species: } 
Coilopoceras colleti Hyatt) than to Hoplitoides (type species: Neop- : 
tychites ingens von Koenen), which in the young, and occasionally into ; 
relatively mature stages, bears a truncated or tabulate venter, although . 
adult Cotlopoceras closely resemble adult Hoplitoides. Stratigraphically, , 
Coilopoceras and Gilebosoceras begin their ranges below Hoplitoides, — 
so it seems probable, that all three are separate offshoots of the same: 
coilopoceratid ancestor. Glebosoceras appears to be confined to the: 
Lower Turonian, but Cotlopoceras and Hoplitoides are known from the: 
Coniacian. The following species are known from the Nigerian and. 
Cameroons Turonian. Glebosoceras glebosum Reyment, Glebosoceras ° 
sp. nov., Coilopoceras aff. lesseli Briiggen, C. sp. indet., C. aff. colleti ’ 
Hyatt, Hoplitoides cf. wohltmanna (von Koenen), H. koeneni Solger, , 
H. ingens ingens (von Koenen), H. 7. costatus Solger, H. 7. laevis Solger, , 
H. gibbosulus gibbosulus (von Koenen), H. g. bipartitus Solger, H. g.. 
makurdiensis Reyment, H. crassicostatus Reyment. All of these species s 
belong to the zone of Kamerunoceras eschii (Solger). A single species of ° 
Coilopoceras, C. sp. nov., is, however, known from north-eastern i 
Nigeria from the zone of Pachyvascoceras costatum. In south-eastern 
Nigeria, the Coilopoceratinae are found mostly in the Mungo River: 


formation, upper part of the Eze-Aku shale, and in the limestone at 5 
Makurdi. 


Subfamily Lenticeratinae Hyatt, 1903 
(synonym, Eulophoceratidae Hyatt, 1903) 


Lenticeratinae, as originally conceived by Hyatt, was meant for 
Lenticeras, Paralenticeras and Platylenticeras (the last-mentioned is 
a Valanginian craspeditid). In the present writer’s opinion the sub- 
family comprises the genera Eulophoceras Hyatt, Lenticeras Gerhardt, 
Paralenticeras Hyatt, Pseudoschloenbachia Spath, and Diaziceras Spath. 
The phylogenetical connections of Lenticeratinae are not yet clear and} 
it is possible, that the subfamily has been derived from late Collignoni- 
ceratidae. On the other hand, there appears to be a connection with 
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Coilopoceratinae. The Nigerian Cretaceous contains Eulophoceras sp. 
from the zone of Tissotia latelobata Solger in the Awgu-Ndeaboh shale 
of south-eastern Nigeria. 


Subfamily Tissotiinae s. str. 
(synonym Buchiceratidae Hyatt, 1903) 


As already indicated earlier on, the Tissotiinae appear to have been 
derived from Pseudotissotiinae through passage forms from ©. (Choffa- 
ticeras). The considerable likeness between strongly ornamented Tis- 
sotia (type species: Buchiceras tissoti Bayle) and certain Barroisicera- 
tinae has in the past led to the inclusion of the latter family in Tis- 
sotiidae. The zone of Tissotia latelobata Solger in south-eastern Nigeria 
and the southern Cameroons has yielded the following species; upper 
part of the Mungo River formation: 7. latelobata Solger, T. polygona 
Solger, 7. sp. juv.: Awgu-Ndeaboh shale: T. awguensis awguensis 
Reyment, 7. a. collagnoni Reyment, T. a. falconeri Reyment, 7. late- 
lobata Solger, T. cf. polygona Solger. 


Family Sphenodiscidae Hyatt, 1900 


This family includes the genera Libycoceras Zittel, Sphenodiscus 
Meek, Daradiceras Tessier and Sornay, Manambolites Hourcq, Coahui- 
lites Bose, Paciceras Olsson, and Indoceras Noetling. Although it seems 
clear that this family was derived from Tissotiidae, the actual link is 
not so certain. Pseudotissotiinae may have supplied the ancestor 
directly, but there seems to be more possibility of Lenticeratinae having 
been the immediate connection, Another possibility, which is, how- 
ever. less likely, may be Tissotiinae. The family is represented in the 
Nkporo shale, south-eastern Nigeria by the species: Sphenodiscus 
aff. lobatus (Tuomey), Sphenodiscus sp., and Libycoceras afikpoense 
Reyment. This latter species is numerous where found and occurs also 
abundantly in the Enugu shale and the overlying Lower Coal Measures. 
Libycoceras cf. ismaelis (Zittel) occurs near Gombe, north-eastern 
Nigeria (Reyment, 1954 d, p. 503) and Sphenodiscus cf. pleurisepta 
(Conrad) has been found in the Upper Coal Measures of western Nigeria 
and is the highest ammonite occurrence in Nigeria. A fragmentary 
ammonite probably referable to Daradiceras has been collected from 
the Sokoto area of north-western Nigeria. As regards the relation- 
ships within Sphenodiscidae there is not very much that can be said. 
Indoceras is usually regarded as being the last member of the family 
(0 appear and it may well have been derived from Labycoceras, which 
‘irst appeared lower down in the Maestrichtian, through such a form 
1s L. afikpoense Reyment, in which the typically keeled venter of 
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Libycoceras becomes broadly rounded as in Indoceras. Libycoceras seems. 
to have been derived from Sphenodiscus. Daradiceras appears to be 
closely related to Libycoceras and does thus not belong to Engono- 
ceratidae, as suggested by Sornay and Tessier (1949, p. 246). The 
possible relationships for part of Sphenodiscidae seem to the author 
to be as follows: 


Indoceras 


Maestrichtian Libycoceras 


Daradiceras 


Sphenodiscus 


ed 
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(Lenticeratinae) 


Other Fossils 


The following section contains a short review of the lamellibranchs, 
gastropods, and echinoids identified by the author from the Nigerian 
Cretaceous and Tertiary. Most of the Upper Cretaceous lamellibranchs 
and gastropods were described and figured in a recent paper (Rey- 
ment, 1955 b), the other fossils are being treated in a paper at present 
in preparation. Many of the lamellibranchs and gastropods described 
and figured by Riedel (1932) were collected by the author in 1953 and 
listed in a paper on the stratigraphy of the Cameroons (Reyment. 
1955 a): details of these species are not repeated below. : 


Lamellibranchiata 


Family Arcidae: Trigonarca angolensis Rennie (Awgu-Ndeaboh shale, 
Nkporo shale; Coniacian-Maestrichtian), Trigonarca spp. (Makurdi 
area; Lower Turonian). Family Cucullaeidae: Pseudocucullaea lens 
Solger (Awgu-Ndeaboh shale, Nkporo Shale; Coniacian-Maestrichtian). | 
Cucullaea cf. woodsi Newton (Arafu area; Upper Albian). Family 
Mytilidae: Modiolus cf. typicus (Forbes) (Makurdi area; Lower Turonian)i 
Modiolus (Brachidontes) sp. (Awgu-Ndeaboh shale; Coniacian). Family 
Plicatulidae; Plicatula cf. multiplicata von Koenen (Awgu-Ndeaboh 


% 
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shale; Coniacian). P. multicostata Forbes (Makurdi area; Lower Turo- 
nian). P. flattersi Coquand (Awgu-Ndeaboh shale; Coniacian. P. ibo 
Reyment (Nkporo shale; Maestrichtian). P. sp. (Makurdi area; Lower 
‘Turonian). Family Ostreidae: Ostrea praelonga Sharpe (north-eastern 
Nigeria; Turonian). O. ef. forgemolli Coquand (Cross River area; Upper 
Turonian. O. vesicularis Lamarck (Awgu-Ndeaboh-shale: north-eastern 
Nigeria; Coniacian-Maestrichtian?). Lopha semiplana (Sowerby) (Ma- 
curdi area, Awgu-Ndeaboh shale; Lower Turonian-Coniacian). This 
species has been collected from the Maestrichtian deposits of Sokoto in 
north-western Nigeria). Family Limidae; Lima (Plagiostoma) pseudo- 
hornest Riedel (Makurdi area, Awgu-Ndeaboh shale; Lower Turonian- 
Coniacian). Pseudolimea cf. gaultina (Woods) (Arafu area; Upper 
Albian). Family Isognomonidae: Isognomon tiv sp. nov. Holotype, 
the example figured in Reyment, 1955 b, p. 137, pl. II, fig. 3. This 
species is now known to be common in the limestone of the Makurdi 
area. The specific name is derived from the Tiv tribe, Benue Province 
(noun in apposition). (Makurdi area; Lower Turonian). Inoceramus 
niger (Riedel) ex Heinz, (Awgu-Ndeaboh shale; Coniacian). I. bantu 
(Riedel) ex Heinz (Awgu-Ndeaboh shale, Nkporo shale; Coniacian- 
Maestrichtian). J. aff. labiatus Schlotheim (Eze-Aku shale; Turonian). 
[. cori Reyment (Upper Coal Measures; Maestrichtian). I. sp. (Makurdi 
area; Lower Turonian). Family Pectinidae: Pecten (Camptonectes) cf. 
urvatus Geinitz (Odukpani formation; Cenomanian), Neithea tricostata 
Coquand) (Arafu area; Upper Albian). Family Pholadomyacidae: 
Pholadomya vignesi Lartet (Arafu area; Upper Albian). Family Cardi- 
idae: Venericardia nauliensis Cox (Awgu-Ndeaboh shale; Coniacian). 
I’. crossensis Reyment (Nkporo shale; Maestrichtian). Family Cypri- 
udae: Veniella undata (Conrad) (Awgu-Ndeaboh shale, Nkporo shale; 
Joniacian-Maestrichtian). This species has now been identified by the 
‘uthor in material from Gilbedi, Sokoto Province of Maestrichtian 
ie). Agelasina plenodonta Riedel (Nkporo shale; Maestrichtian). 
family Astartidae: Astarte awensis Woods (Awe area, Eze-Aku shale, 
Nkporo shale; Lower Turonian-Maestrichtian). Family Lucinidae: 
wucina cf. pharaonis Bellardi (Sokoto area; Eocene). Family Veneridae: 
{nofia aro Reyment (Nkporo shale; Maestrichtian). Aphrodina (Meso- 
allista) andersoni (Newton) (Nkporo shale; Maestrichtian). A. (M.) 
iedeli Reyment (Awgu-Ndeaboh shale; Coniacian). A. quenseli Rey- 
nent (This species has recently been identified by the author in material 
rom Dukumaje, Sokoto Province; Maestrichtian (Reyment, 1955 c¢, 
. 426)). Family Cardiidae: Cardiwm subperobliquum Riedel (Awgu- 
‘deaboh shale, Nkporo shale; Coniacian-Maestrichtian). Family Poro- 
vyidae: Liopistha sp. (Icheri River area; Lower Turonian). Family 
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Hiatellidae: Panopea cf. gurgitis (Brongniart) (Abakaliki area; Upper 
bian). Family Anatinidae: Anatina agassizt d’Orbigny (Abakaliki 
rea; Upper Albian). 


Gastropoda 


Family Turritellidae: Twrritella nodosa Rémer (Awgu-Ndeaboh shale, 

oro shale; Coniacian-Maestrichtian). Family Aporrhaidae: Helix 
aulaz cf. latealata Riedel (Nkporo shale; Maestrichtian). Family Volu- 
idae: Volutomorpha? mungoensis Reyment (Awgu-Ndeaboh  shale- 
oniacian). Volutoderma aff. plicatula Dall (Nkporo shale; Maestrichtian); 
Echinoderma, ete. 


The following species of echinoids have been recently identified by 
he writer in material from northern Nigeria; they are being described 
ind figured in a paper destined for publication inthe near future. 
ipiaster sp. (Arafu area; Upper Albian). Linthia sudanensis Bather 
Sokoto area; Paleocene?). Plesiolampas saharae Bather (Sokoto area; 
-aleocene’?). Micropedina  olisiponensis (Forbes) (Gongila; Lower 
furonian). The rare coral genus Rhizangia has been found in the Middle 
\Ibian of Tiv Division, Benue Province. 


Provenance of the fossils 


This subject has already been discussed at length in previous papers 
o which the reader is referred, particularly Reyment (1955 b, 1955 d). 
lost of the material was collected by the author from various localities 
1 south-eastern Nigeria and the Southern Cameroons. 


V. Comparison with other Cretaceous Faunas 


It is here proposed to condense several scattered observations on 
ie relationships of the Nigerian molluscan faunas made previously 
y the author. 

West Africa 


As is only to be expected, there is considerable agreement between 
Nigerian and Angolan faunas, particularly between the faunas, of 
e Albian and the Maestrichtian and there are many species common 
both areas. Of particular interest is the occurrence of Elobiceras in 
th places, Nigeria being the most northerly occurrence of the genus on 
e African continent, to which it appears to be restricted. The species, 
obiceras newtoni Spath, originally described from Portuguese East 
rica is also known from the Arafu area, Benue Province, northern 
geria, although it has not yet been definitely recorded from Angola. 
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The Angolan Albian is less complete than the Nigerian and can be 
correlated with the upper three zones only. The following species occur 
in both Albian deposits: Dipoloceras quadratum Spath, Prohysteroceras 
wordiei Spath, Neokentroceras curvicornu Spath, Hlobiceras lobitoense 
(Crick MS.) Spath, Elobiceras angustum Spath, Mortoniceras (Ango- 
laites) gregoryt Spath, M. (Mortoniceras) evolutum (Spath), M. (M.) 
subrotundum (Spath), M. (Durnovarites) depressum Spath, M. (D.) 
quadratum Spath. There can be little doubt that the uppermost zone 
of the Albian is represented in Angola and it is therefore strange, that 
Stoliczkaia has not been recovered from these deposits. The Angolan 
Cenomanian is unfortunately not well known, but Haas has recorded 
a species of Sharpeiceras which is not unlike the poorly preserved 
specimen recently found in the Upper Cenomanian of the Odukpani 
formation. Romaniceras is fairly common in the Nigerian Upper! - 
Turonian and occurs also in Angola. The Senonian deposits have yielded 
a poorly preserved texanitid of doubtful age. The species Didymoceras 
hornbyense (Whiteaves), originally described from northern Canada, 
has been figured by Haughton (1925) from Angola and recorded again 
on later occasions by other authors, is very common in the Nigerian 
Lower Maestrichtian. Haughton’s identification of the species has 
been questioned by some writers in the past. Whilst working at the 
British Museum (Natural History), London, the present author com- 
pared topotype specimens of Didymoceras hornbyense from Hornby 
Island with Nigerian and Angolan material and is convinced that all 
are conspecific. The generic aspect of the Angolan Maestrichtian further 
resembles the Nigerian in that species of Libycoceras, Sphenodiseus, 
Bostrychoceras, and Baculites occur in both places, although none of © 
these are common to the two areas. Spath (1951) has listed some typical | 
Campanian species from the Angolan sequence and it is strange, that 
no definite Campanian faunas have yet been identified in Nigeria, 
particularly since the faunal succession in both places is otherwise so 
similar. The lamellibranch species Neithea tricostata (Coquand) from 
the Upper Albian of the Arafu district, northern Nigeria, is also known . 
from Angola where it occurs in both the Albian and the Cenomanian? 
Pholadomya vignesi Lartet, also from Arafu, occurs in the Albian of 
Angola, where it is associated with the closely related species P. col- 
lambi Coquand and P. pleuromyaeformis Choffat. It is of interest to 
note, that Hlobiceras newtoni Spath, already remarked on in the above, | 
occurs in association with P. vignesi in both Portuguese East Africa | 
and at Arafu (here the fauna occurs in mineralized limestones connected | 
with the Arafu lead-zine deposit). The echinoid from Arafu, recorded 
in the foregoing as Epiaster sp., is related to Epiaster catumbellensis de | 
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oriol, but the area below the periproct is concave and the lateral 
etals tend to diverge more widely; FE. catumbellensis is known from 
he Albian or Cenomanian of Angola. The Nigerian form is also closely 
elated to Hpiaster angolensis Haughton, but the posterior end is more 
runcated, although the greatest height is just behind the apical disc, 
ontrary to H. catumbellensis. Moving on to a consideration of the 
ounger lamellibranch faunas we find, that Trigonarca angolensis Ren- 
le, originally described from the Campanian? of Angola, ranges from 
Coniacian to Maestrichtian in Nigeria. The Lower Turonian ostreid 
Exogyra olisiponensis Sharpe found commonly in north-eastern Ni- 
yeria, has also been identified from Angola. The widely distributed 
African Senonian and Maestrichtian lamellibranch Veniella undata 
Conrad) (generally referred to various »species» of the synonym of 
Veniella, Roudaireia (cf. Reyment, 1955 b, p. 142)), which ranges from 
he Coniacian to the Maestrichtian in Nigeria, occurs in the Campanian? 
ff Angola. Aphrodina (Mesocallista) andersoni (Newton), a Nigerian 
Maestrichtian form, has been described from the Campanian? of Angola. 

Cretaceous molluscs from Gabon were treated by Lombard (1930). 
Although the collection described is clearly not very representative, 
everal points of similarity with Nigeria and the Cameroons, to the 
orth, can be distinguished; this is particularly true of the lamelli- 
ranchs. No fossils older than Lower Turonian have yet been recorded 
n the literature as far as the present author has been able to ascertain. 
imilarity with the Nigerian Lower Turonian faunas is indicated by 
he presence of Choffaticeras (Choffaticeras), Pseudotissotia (Bauchio- 
eras), and Fagesia, the latter genus having been recently found in 
orth-eastern Nigeria in company with many other vascoceratids. 
he present author (Reyment, 1955 d) has recently identified Pseudo- 
ssota (Wrightoceras) wallsi (Reyment) in a collection from the neigh- 
ourhood of Libreville, made available by the Shell D’Arcy Petroleum 
evelopment Company of Nigeria Ltd. The Coniacian of Gabon and 
1e Cameroons contains Peroniceras dravidicum Kossmat, originally 
escribed from India (Stoliczka, Kossmat). The genus Gauthiericeras 
scurs in both south-eastern Nigeria and the area under discussion. 
f correlative importance is the presence of the typically Nigerian 
1d Cameroons barroisiceratid genus Solgerites at Pointe Milango, 
abon. There is, furthermore, a doubtful record of Texanites (recorded 
; Mortoniceras Texanum Roemer, Lombard, 1930, p. 300). It is of 
terest to record the presence of Hoplitoplacenticeras sp. indet. from 
e Libreville area. It was identified by the author in the collection 
entioned above and is indicative of the Campanian. A glance at the 
mellibranch faunas recorded by Lombard also assists in the correla- 
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tion of the two regions under consideration. The Cameroons Coniacian 
species (not yet identified from Nigeria) Zrigonarca camerunensis 
Riedel (figured as Arca (Trigonarca) Maresi (Coquand), Lombard, 1930, 
p. 300, pl. xxxii, figs. 1a, 1b) occurs in the Campanian? of Fausse 
Point Noire. Another Cameroons and Nigerian Coniacian-Maestrichtian 
species, Inoceramus bantu (Riedel) ex Heinz (recorded as Inoceramus 
regularis d’Orbigny, Lombard, 1930, p. 303, pl. xxxii, fig. 2) is known 
from the Fernan Vaz Lagoon area; another common species of this 
genus is Inoceramus labiatus Schlotheim. Lopha semiplana (Sowerby), 
known from the Lower Turonian and Coniacian of Nigeria, occurs in 
the Campanian? of the Fausse Point Noire area. Anofia aro Reyment 
(identified as Meretrix (Cyprimeria) ef. oldhamiana Stoliczka, Lombard, — 
1930, p. 311, pl. xxxiii, figs. 4, 5 a, 5 b) is present in the Maestrichtian . 
of south-eastern Nigeria and the Campanian? of Gabon. . 
The fossiliferous Cretaceous succession in the Gold Coast begins with 
a poorly preserved fauna considered by Cox (1952) to be of Cenomanian _ 
age. None of the species recorded have been encountered in Nigeria. 
There is apparently a considerable stratigraphical break above these 
beds, for the next stratigraphical level recorded contains a fairly rich 
fauna of Campanian? lamellibranchs and gastropods of which several — 
have been found in the Nigerian succession. The species common t0 — 
both areas are: Pseudocucullaea lens Solger, which ranges from Coni- 
acian to Maestrichtian in Nigeria, Plicatula rennier Cox, which occurs - 
in the Coniacian and Santonian of the Mungo River formation, Lopha - 
semiplana (Sowerby), which ranges from Lower Turonian to Coniacian — 
in Nigeria, Venericardia nauliensis Cox, a Coniacian species in Nigeria, | 
a Venericardia that may be conspecific with V. crossensis Reyment, | 
Veniella undata (Conrad), which ranges from the Coniacian to Maestrich- | 
tian in Nigeria, Aphrodina (Mesocallista) andersoni (Newton), which | 
appears to be confined to the Maestrichtian of south-eastern Nigeria, 
and Twurritella nodosa Romer, a gastropod species that ranges from | 
Coniacian to Maestrichtian in Nigeria. Tessier (1952) has recorded | 
Lopatinia sp., Veniella undata (Conrad) (identified as Roudaireia drut 
Munier-Chalmas), Daradiceras gignouxi Sornay and Tessier, and Sphe- 
nodiscus corroyi Sornay and Tessier from western Senegal, a consider- | 
able distance to the north-west of the Nigerian occurrences. When — 
the faunas of Senegal become better known a greater degree of corres- | 
pondence with Nigeria will probably be found. 


Niger Territory, North Africa and the Middle East 


‘The fossiliferous sedimentary sequence in Niger Territory begins 
with the Upper Cenomanian which contains the single diagnostic am- 
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nonite Neolobites vibreyanus (d’Orbigny). This species has not yet been 
ound in N igeria, and it suggests a connection with the N orth African 
enomanian where Neolobites occurs. The Turonian contains numerous 
mmon ammonite genera, Nigericeras, Vascoceras, Pachyvascoceras, 
Paravascoceras, Gombeoceras, Pseudotissotia (Bauchioceras), and Coilopo- 
eras, but the number of species common to the Niger Territory and 
orth-eastern Nigeria is surprisingly small. The absence of Pseudas- 
idoceras is, however, unexpected, since this genus is almost universally 
ssociated with the above-listed type of assemblage. The species of 
Jgericeras found are all more advanced evolutionarily than N. ogo- 
vense from south-eastern Nigeria. The common Nigerian species 
seudotissotia (Bauchioceras) nigeriensis (Woods), which occurs widely 
1 north-eastern and south-eastern Nigeria, has been recorded from 
ne Damergou area. Paravascoceras aff. chevalieri (Furon) is known from 
ne Eze-Aku shale, south-eastern Nigeria. It is thus apparent from 
ne general similarity of the faunas, that during the Lower Turonian, 
vere was an inlet which extended in a narrow belt over south-eastern 
igeria and north-eastern Nigeria into the Damergou area. No record 
f Upper Turonian or Senonian fossils from this district has yet come 
) hand and the Maestrichtian is known from the eastern part of the 
rench Sudan, which adjoins Niger Territory. Libycoceras ismaelis 
ittel) has been identified from here. It seems probable, that there 
as a direct connection with the Maestrictian of Gombe Division (Rey- 
ent, 1954 d, p. 503) (with Libycoceras cf. ismaelis) rather than with 
uth-eastern Nigeria, where another species of Libycoceras occurs. 
n alternative explanation, less likely in the writer’s opinion, is that 
e eastern French Sudan Maestrichtian deposits are connected with 
ose of Senegal and that this area and Nigeria were separate sedi- 
entary basins during the Maestrichtian. The fact that Libycoceras 
unknown in the Dakar area, where Sphenodiscus and Daradiceras 
cur (these being unknown in the eastern French Sudan) seems to 
gue against this latter suggestion. 

The North African Albian sequence as represented in Tunisia (Per- 
nquiére, 1907) begins considerably earlier than the Nigerian. The 
mber of species found in both countries is particularly small, but of 
nsiderable importance is the occurrence of the diagnostic uppermost 
bian species Stoliczkaia africana Pervinquiére in the top zone of the 
gerian Albian. Turrilites, Huhystrichoceras, Forbesiceras, Acantho- 
as, and Acompsoceras are present in the Cenomanian. The Turonian 
; much the same generic components as the Nigerian and the follow- 
; genera are common to both areas: Pseudotissotia (Wrightoceras), 
vmmites, Pseudaspidoceras, Fagesia, Vascoceras, Pachyvascoceras, 
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Paramammites, Choffaticeras s. str. C. (Leoniceras), and Neoptychites. 
Mamumites cf. afer Pervinquiére has been found in the zone of Kameruno- 
ceras eschii (Solger) in south-eastern Nigeria. The Algerian Turonian 
has yielded species of Romaniceras, Hoplitoides, Neoptychites and 
Mammites, which fauna appears to correspond to the upper two zones 
of the Nigerian Turonian. The Coniacian contains Hoplitoides, Peroni- 
ceras, Barroisiceras s. 1. and Tissotia, which are also known from 
Nigeria and the Cameroons. The species of Hoplitoides referred to in 
the above seems to be identical with H. ingens (von Koenen), known 
in West Africa from only the upper part of the Lower Turonian, a con- 
siderable range for the species. This is one of the few occurrences that 
suggests that the genus Hoplitoides ranged into the Coniacian. Per- 
vinquiére (1907) attributed a Tunisian fauna with Bostrychoceras, — 
Sphenodiscus and Texanites s. 1. to the Campanian, but it clearly 

represents both Maestrichtian and Campanian. The Cretaceous faunas 

of the area are similar to those of Libya and Egypt. The Maestrichtian 

of these latter two countries contains Libycoceras, which apparently — 
does not occur in Tunisia. Neithea tricostata (Coquand) occurs in the 

Albian and Cenomanian of Algeria and Tunisia, but appears to be con- 

fined to the Upper Albian in Nigeria. The widespread African species 

Pholadomya vignesi Lartet, known from the Upper Albian of Nigeria, — 
occurs in the Albian and Cenomanian of Algeria, Tunisia, Sudan and 

Palestine. Another Nigerian lamellibranch species that occurs widely 
in Northern Africa and Syria is Exogyra olisiponensis Sharpe. This | 
species is not found in the Nigerian Cenomanian, but is found in beds | 
belonging to that stage in North Africa and Syria. Veniella wndata 
(Conrad) has been recorded from the Senonian of Palestine, the 
Upper Senonian of Egypt, and the Senonian of Tunisia. In Nigeria, it” 
ranges from Coniacian to Maestrichtian. . 


Madagascar and South Africa 

Collignon’s work on the rich ammonite faunas of Madagascar has 
greatly assisted in clarifying many ammonitological problems. For- 
tunately, it has been possible to trace a considerable correspondence 
between the Malagasy and Nigerian Albian, although later faunas are > 
less readily correlated. In particular, the zonal system proposed by 
Collignon for the Malagasy Albian is applicable to Nigeria where oxy 
tropidoceratids are of relatively common occurrence. Species found in. 
both regions include: Hysteroceras orbignyi Spath, Hysteroceras binwm' 
(Sowerby), Mortoniceras (Mortoniceras) kiliani (Lasswitz), M. (M.) 
quadrinodosum Spath, and M. (Durnovarites) depressum Spath. Closely } 


related species of Oxytropidoceras s. str., O. (Manuaniceras) and O. | 


| 
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(Androiavites) also occur. The South African Albian contains much 
the same genera as the Nigerian (Mortoniceras s. str., M. (Durnovarites), 
Ozxytropidoceras s. str., O. (Manuan weras), Dipoloceras and Hystero- 
eras). Mortoniceras (Durnovarites) quadratum (Spath), Mortoniceras 
(Mortoniceras) evolutum (Spath), M. (M.) pricei (Spath) are found in 
both places as well as some closely related species of Mortoniceras s. str. 
The lamellibranch species Cucullaea woodsi Newton, originally de- 
cribed from the Albian of Manuan Creek, Zululand, is found in Nigeria 
s that or a closely related species. Another common Albian species 
om the Manuan Creek is Neithea tricostata (Coquand). Pholadomya 
ygnest is known from the South African Albian. The occurrence of 
anopea cf. gurgitis (Brongniart) in south-eastern Nigeria provides 
further connection with South Africa and also with Madagascar, 
om whence Collignon has figured an example (1949, p. 24, pl. 3, figs. 
7, 7a) that very closely resembles the Nigerian specimen. Anatina 
agassizi d’Orbigny is another Malagasy species found in Nigeria. The 
Cenomanian of Madagascar has yielded several large faunas that in- 
clude the genera Euhystrichoceras, Forbesiceras, Turrilites, Acantho- 
eras, and Calycoceras, found also in Nigeria. The South African Ceno- 
manian contains three species of Forbesiceras, one of which, F. sculptum 
Jrick, also is found in Nigeria. Romaniceras uchauxiense Collignon and 
ther species of Romaniceras closely related to Nigerian forms, occur 
n the Turonian of Madagascar and south-eastern Nigeria, also Neop- 
ychites telingaeformis Solger. Coilopoceras and Hoplitoides, although 
are, are also known from the Turonian sequence in Madagascar. The 
rascoceratid horizon of the basal Turonian in Nigeria and other parts 
f the world does not appear to have been duplicated in Madagascar, 
md the aspect of the fauna suggests an Upper Turonian age, with 
robably the upper part of the Lower Turonian. The vascoceratid genus 
-aramammites appears, however, to be present. The Coniacian species 
‘orresteria alluaudi (Boule, Lemoine and Thévenin) has a close relative 
a the Nigerian species F. serrata Reyment. The uncertain stratigraphic 
anges of Hulophoceras and Texanites s. 1. has occasioned uncertainty 
1 dating the Senonian of Natal; both genera first appear, however, in 
he Coniacian, which is, moreover, confirmed by the Nigerian occur- 
ences. The Malagasy Senonian contains an exceedingly rich fauna of 
mmonites, referable to Texanitinae, which is not duplicated in any 
ther part of the world. The West African Santonian has yielded only 
few species of Texanitinae, amongst which is a form closely related 
) Texanites soutoni (Baily), a South African Middle to Upper Senonian 
rm. Veniella wundata (Conrad) has been recorded from the Campanian? 
South Africa. Aphrodina andersoni (Newton) from the Maestrichtian 
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of south-eastern Nigeria is another South African species. The Lower 
Maestrichtian of Madagascar contains principally representatives of 
Pachydiscidae and Kossmaticeratidae, not easily correlated with 
Nigerian faunas, although the Upper Maestrichtian has yielded a 
species of Sphenodiscus. 


The North and South American Continents 


The Cretaceous sequence in South America is still imperfectly known 
and for this reason attempts at correlation must be approximate. The 
little-studied Lower Turonian of Brazil contains Pachyvascoceras and 
Pseudaspidoceras. The Upper Cretaceous of Colombia, which is in many 
respects strikingly similar to that of Nigeria and the Lower Turonian, 
contains Mammites afer Pervinquiére and Coilopoceras lesseli Briiggen, 
closely related species of which occur in south-eastern Nigeria. The | 
Coniacian has yielded species of Barroisiceras s. str. and Forresteria 
(Harleites),.as well as Solgerites brancoi (Solger), a Cameroons species, 
and Hoplitoides cf. ingens (von Koenen). Solgerites brancoi has also_ 
been recorded from the Lower Turonian of Peru and Venezuela. Species — 
of the lamellibranch genus Pseudocucullaea have been found in Vene- 
zuela, Brazil and Peru, all of which, in the present author’s opinion, — 
are closely related to P. lens Solger. The widely distributed species . 
Exogyra olisiponensis Sharpe has also been reported from North and — 
South America. The Nigerian Lower Turonian-Coniacian species Lima — 
pseudohdrnest Riedel is fairly common in the Peruvian Coniacian? The — 
Peruvian Andes have an Albian fauna containing principally oxytton | 
pidoceratids of which O. (Manuaniceras) béser (Knechtel) is closely 
related to a Nigerian form. Tissotia steinmanni Lisson is a near con= 
nection of 7. latelobata Solger from the Coniacian of the Mungo River — 
formation in the Cameroons. Pachyvascoceras costatum Reyment . 
probably also present in the Lower Turonian of Peru. 

The Cretaceous sequence in the Gulf of Mexico is in many respects 
similar to that of West Africa. The Texan Albian contains a rich fauna 
of brancoceratids with Dzipoloceras, Prohysteroceras, Mortoniceras, (in- 
cluding M. kiliani (Lasswitz), and Oxytropidoceras. Another important 
Albian genus is Stoliczkaia, which indicates the presence of uppermost — 
Albian. It is of interest here to note the presence of a form in the Nigerian - 
Albian closely similar to the group of Mortoniceras wintoni (Adkins). 
The Cenomanian faunas contain related species of Huhystrichoceras, 
Turrilites, and Metoicoceras as well as Acanthoceras. The similarity 
of the Lower Turonian faunas of Texas and Nigeria is particularly 
striking. The following genera are shared: Pseudotissotia (Bauchioceras), 
P. (Wrightoceras), Vascoceras, Pachyvascoceras, Mammites, Pseudaspido- 
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eras, Neoptychites, and Paramammites. The interesting derivative of 
ombeoceras, Spathites, not known from Nigeria, is also worth men- 
ioning. Although Hoplitoides does not appear to occur in U. 8. A. the 
losely related genus Coilopoceras is well represented; close relatives of 
- novimexicanum Hyatt and C. colleti Hyatt are known from the N ige- 
ian Turonian. The Maestrichtian rocks of the Gulf Coast contain 
achydiscus and Sphenodiscus and two American representatives of the 
tter genus, S. lobatus (Tuomey) and S. pleurisepta (Conrad), have near 
lations in Nigerian species. The Canadian Lower Turonian genus 
atinoceras is found in the lower beds of the Mungo River formation, 
outhern Cameroons, where a form closely resembling W. reesidei 
arren occurs (cf. Reyment, 1955 c, p. 425). The Maestrichtian species 
idymoceras hornbyense (Whiteaves), which also occurs in Angola, is 
bundant in the Nigerian Maestrichtian. The presence of Inoceramus 
ubiatus Schlotheim in the Lower Turonian of Canada offers an interest- 
ng correlative possibility. 


Europe, Asia, and the Indo-Pacific Area 


The standard Albian succession at Folkestone has yielded a number 
f forms that have also been identified from Nigeria. The Nigerian 
Jbian, however, lacks all the hoplitids, so common in the English 
ault, as well as representatives of the Phylloceratidae, Lytoceratidae 
nd Desmoceratidae. The following species are found in the Albian 
f both Nigeria and England: Mortoniceras (Mortoniceras) pricei Spath, 
I. (M.) kiliani (Lasswitz), M. (M.) quadrinodosum Spath, Hysteroceras 
rbignyt Spath, H. binum (Sowerby) and Anisoceras perarmatum Pictet. 
nd Campiche. It will be readily seen that none of these species are 
rms confined to the English Albian, but all are of very wide dis- 
ibution. Hlobiceras is unknown in the European Albian and seems. 
» be confined to Africa. A species of lamellibranch approximating 
ther closely to Pseudolimea gaultina (Woods) from the English Gault. 
us been found in south-eastern Nigeria together with Hlobiceras 
wtont Spath. 

Recent discoveries have made it possible to carry out fairly accurate: 
relation with the European Cenomanian. T'wrrilites scheuchzerianus 
osc is a common fossil of the Huropean Upper Cenomanian and 
whystrichoceras occurs in the Lower Cenomanian Warminster beds. 
southern England, Anisoceras perarmatum Pictet and Campiche, 
entioned in the foregoing as being a Nigerian uppermost Cretaceous. 
ecies, has been doubtfully recorded from the English varians zone in. 
rset (Wright and Wright, 1951, p. 14). The following English (and 
iropean) forms have been identified by the author in Nigerian Ceno- 
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manian material: Twrrilites costatus Lamarck, 7. tuberculatus Bosc, T, . 
scheuchzerianus Bosc, Desmoceras latedorsatum (Michelin), Forbesiceras } 
sculptum Crick (originally described from South Africa), a form close» 
to Acanthoceras hippocastanum (Sowerby) as well as species of the» 
genera Sharpeiceras, Calycoceras, and Acompsoceras. It is of interest to) 
note, that Metoicoceras does not appear in the English Upper Cretaceous | 
until the Turonian (plenus subzone) although in both Nigeria and. 
U.S. A. it first makes its appearance in the top of the Upper Cenom- - 
anian. The rich Nigerian Turonian faunas permit close correlation with 
the European. Strangely enough, the genus Metoicoceras, which has } 
the main part of its vertical distribution in the Lower Turonian, has } 
not yet been found in the Nigerian Turonian. The English Turonian | 
contains Mammites, Pseudaspidoceras, Romaniceras, Fagesia. In Por- 
tugal, the Lower Turonian contains Vascoceras, Pachyvascoceras, . 
Pseudaspidoc’ ras, Paramammites, Fagesia, and Choffaticeras (Leoni - 
ceras). The Cenomanian has yielded Twrrilites ‘costatus Lamarck, — 
Acanthoceras spp., and Neolobites vibreyanus (d’Orbigny) (known from 

French Niger Territory but not Nigeria). Mortoniceras s. str. appears | 
to occur in the Albian. The Lower Turonian of Spain presents a sight 
different aspect, but again resembles the Nigeria faunas in part. Genera 
common to both areas are Mammites, Paramammites, Pachyvasco- - 
ceras, Neoptychites, and Pseudotissotia (Wrightoceras). The Senonian { 
faunas of Western Europe differ in lacking some of the African Barroisi- + 


discids having yet been discovered. The Lower Senonian (coranguinum § 
zone) contains rare examples of the genus Texanites s. str. Eulophoceras, 
which occurs in the Coniacian-Campanian of Madagascar and South 
Africa and the Coniacian of Nigeria (zone of Tissotia latelobata), is ap- 
parently represented in the Spanish Coniacian. Sphenodiscids occur im} 
parts of Western Europe thus indicating the presence of high Mae 
trichtian. Gombeoceras koulabicum (Kler) occurs in the Lower Turonian 
of both Turkestan (U.8.8.R.) and Nigeria. A Nigericeras similar ¢ 
NV. ogojaense Reyment has also been recorded. Watinoceras amudariense 
(Akhanguelskey) is closely related to a form from the lower beds (Lowel 
Turonian) of the Mungo River formation, Southern Cameroons. Th 
number of lamellibranch species of use for long-distance correlatio1 
becomes noticeably less outside the African sphere, although ammonite 
remain of almost undiminished value. Panopea gurgitis (Brongniar 
is known from the English Lower Cretaceous as is also Anatina agasst 
d’Orbigny, an important species in the African Lower Cretaceou 
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odiolus typicus (Forbes), doubtfully recorded from the Nigerian Lower 
uronian, was originally described from India. Another species of use 
or correlation is Lopha semiplana (Sowerby), a species originally 
ecorded from Europe and which is known to range from Lower Turo- 
ian to Maestrichtian. Another European ostreid is Ostrea vesicularis 
amarck, a form which ranges from Coniacian to Maestrichtian in 
igeria. The European Turonian species Inoceramus labiatus Schlot- 
eim occurs doubtfully in the Nigerian Turonian. The European gas- 
opod Turritella nodosa Rémer ranges from the Upper Turonian to 
he Upper Senonian in Europe and occurs in the Cenomanian of Southern 
ndia. 

It is of interest to note the presence of Gyaloceras in both Nigeria 
nd Queensland, although the latter occurrence is reported to be 
ptian. Prohysteroceras has also been recorded from the Albian of 
Jueensland. A link with the Japanese Cenomanian is provided by the 
ubgenus Pseudouhligella, which is also found in the Lower Cenomanian 
f the Odukpani formation, south-eastern Nigeria. Pseudaspidoceras 
as also been recently recorded from Japan. Pachydesmoceras, usually 
onsidered to be an Albian genus, occurs in beds of Turonian age in 
oth the Cameroons and Japan. Comparison of the rich Indian faunas 
vith those of Nigeria shows that many genera and some species are 
Jentical. The Albian contains Mortoniceras s. str., Stoliczkaia, Phyllo- 
eras velledae (Michelin) and Desmoceras latedorsatum, the latter species 
Iso ranging into the Cenomanian. In the Cenomanian Forbesiceras 
ecurs as does also Acanthoceras; the species Turrilites costatus Lamarck 
nd 7’. tuberculatus Bosc are also found in the Nigerian Cenomanian. 
the Indian Turonian contains related species of Pseudaspidoceras, 
lagesia, Pachydesmoceras, Mammites, Neoptychites and Romaniceras. 
eroniceras dravidicum (Kossmat) is known from the Coniacian of 
1e Cameroons. The genus Pachydiscus occurs prolifically in the Indian 
pper Cretaceous and the Maestrichtian beds of India and Nigeria 
ave yielded species of Sphenodiscus. Although Libycoceras is unknown 
1 the Indian Maestrichtian, Indoceras, a closely related genus, 
curs. 3 

It follows from the preceding portion of this chapter, that the suc- 
ssive faunal developments of ammonites are often world-wide as, 
r example, is seen by the distribution of brancoceratids in the Albian 
Europe, India, U.S. A., Peru, Africa, and Australia, the dispersal 
' Acanthoceratidae during the Cenomanian over much the same 
gions (excluding Peru), the wide distribution in the Lower Turonian 
‘the Vascoceratidae in Europe, North and West Africa, U.S. A., 
id India, the Peroniceratidae during the Coniacian, and Sphenodis- 
. 
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cidae in the Maestrichtian, to mention a few illustrations (cf. Spath, | 
1951, p. 51 »... the successive faunal developments that mark our 
chronology are probably world-wide, at least in the case of ammonites), _ 


ViSum nary 


1. The Cretaceous succession in Nigeria begins with the Middle: 
Albian (Lower Cretaceous), which rests unconformably on the Pre 
Cambrian, and includes the Upper Albian, Cenomanian, Turonian, 
Coniacian, Santonian and Maestrichtian, no evidence for the presence : 
of Campanian being as yet forthcoming. The marine transgression that » 
took place along the west coast of Africa during the Cretaceous achieved | 
its maximum development in the northerly extension of the Bight of” 
Biafra, where parts of eastern Nigeria formed a permanent basin. 

2. A system of Cretaceous zonal indices, based principally on ame ~ 
monites, isproposed for the Nigerian Cretaceous, and the stratigraphical . 
nomenclature favoured by the author discussed. The zonal scheme > 
comprises broad units which generally correspond to several ammonite : 
zones and subzones in the classical European areas. An attempt is. 
made to correlate the Nigerian zones with Cretaceous zonal subdivr - 
sions in various parts of the world. In Nigeria, the Maestrichtian passes 
conformably into the Paleocene in the formation known as the Uppent 
Coal Measures in which diagnostic Maestrichtian macro- and micro- 
fossils are closely followed by beds with diagnostic Paleocene for 
amuinifera. No evidence for the existence of Danian has been detected. — 
The opinions of several stratigraphers on this subject in various parts | 
of Africa, especially Madagascar, Senegal and north-east Africa, are 
mentioned. 

3. The results of the author’s taxonomic investigations on the 
mollusca of the Nigerian Cretaceous are summarized and the phylogeny 
of the ammonite groups present discussed. In particular, the relation-— 
ships within the families Vascoceratidae, Collignoniceratidae, Tisso- — 
tiidae, Sphenodiscidae, Acanthoceratidae and Brancoceratidae are 
treated. The stratigraphical ranges of a number of Upper Cretaceous 
lamellibranch species are clarified. 

4. The Nigerian faunas are compared with similar Cretaceous am 
monite assemblages throughout the world and several examples, bu 
by no means all, are given to indicate the wide distribution of succes 
sive ammonite faunal developments. 

. 5. Two new species, Baculites teicherti sp. nov. (p. 50) and I sognomo 
tv sp. nov. (p. 77) are named. 
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Nagot om malmers inverkan pa moriinens finmaterial 


Av 
P. H. Lunpr@irpu 


Abstract: Influence of degraded ores upon fine fractions of moraine. The writer has 
lected and investigated a number of moraine samples to the south of the galena deposit 
t Sala, NW of Stockholm, and the manganese ore deposit at Odestugu (Spexeryd), SSE 
£ JonkGping, S of Lake Vittern. The results of this investigation are evident from Figs. 
2. In Fig. 1 the arrow indicates the average direction of the glacial striae observed 
—S). The concentrations given at the bottom of the map mean p. p. m. of lead not 
mbined with silicic acid. The dotted line nearest to Sala shows the ore-bearing area. 
Fig. 2 the arrows display actual observations of glacial striae (N10°—20° W). The 
gures here mean p. p. m. of total manganese. The chief deposit of manganese ore 
issure mineralization) has been painted in black. The great circle NE of Odestugu church 
idicates maximum frequency of visible blocks of manganese ore 


I flera lander har under senare ar bedrivits malmletning med utnytt- 
unde av variationer i halterna av olika vardefulla metaller i de ytliga 
uneraljordarnas finmaterial. Sarskilt i Férenta staterna ha omfattande 
ndersékningar utforts, framfor allt av H. E. Hawkes och H. W. Lakin. 
lan har koncentrerat sig pa vittringsjordar i icke nedisade omraden, 
len dven kvartart nedisade trakter ha studerats. Har ar det i férsta 
and sammansattningen av den féga langtransporterade mordnen, 
ym intresserar. 

Analysmetoderna ha forenklats sa, att de med i genomsnitt 30 A 
) % fel kunna anvandas direkt ute i falt. Haérigenom undvikas sidana 
vuser i prospekteringsarbetet, som orsakas av vantan pa resultaten 
’ laboratorieundersokningar. Principiellt bygger faltanalysarbetet va- 
ntligen pa fargreaktioner hos organiska féreningar. 

I Sverige har malmletning i jordtackt terring vanligtvis inletts ge- 
mm unders6kning av mordnens grovsta fraktioner: blocken och ste- 
rna (blockletning). Hésten 1950 paborjade dock forf. studier av mo- 
nens finjordsfraktioner vid ett par kinda malmfoérekomster i avsikt 
t fa fram en alternativ prospekteringsmetod fér snabbkrossade malm- 
per, t. ex. blyglans. Enar det har var fraga om en principundersék- 
og, utfordes icke nagra analyser i falt. 

Proverna togos ur gropar gravda till ett djup av 1/2 m under svall- 
uskappa och/eller podsolprofil. Groparna fordelades 1 ett allt vidare 
t lings isrorelseriktningen ut fran malmférekomsterna (fig. 1—2). De 
samlade proverna siktades i Sveriges geologiska undersdknings jord- 
slaboratorium. Allt material med kornstorlek under 0,075 mm under- 
stades kemisk analys i Undersékningens kemiska laboratorier. Analy- 
er ha varit A. Aaremiée och A. Balder. 
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@ 125-200 9Y/ton 
© 100-124 9/ton 
© 75-99 Y/ton 
O 50-74 Y/ton 
o < 50 Y¥ton 


Fig. 1. Halter av icke silikatbundet 
bly i mordnen sdéder om Sala. Prickad 
kontur anger det malmférande urkalk- 
strakets omfattning, streckad kontur 
sannolika yttre gransen fér 70 g/ton, 
heldragen kontur sannolika yttre grin- 
sen for 90 g/ton bly i mordnens fin- 
material. Pilen visar raffelriktningen. 
Kartans sidokanter lépa i nord—syd. 
; Skala 1: 100 000. 

Fér publicering godkand i Rikets all- 
manna kartverk den 30 december 1955. 


[Jan.—Febr. 1956 


Fig. 1 visar det forsta undersék- 
ningsobjektet, blyhalten 1 trakten 
soder om Sala. En i genomsnitt 
nord—sydlig raffelriktning finns har 
foretradd pa flera hallar. Punktnatet 
har mast liggas glest pa grund av 
leromradenas omfang. Narmast Sala 
far man rikna med fororenade yt- 
jordar. Déarfor har ingen provtag- 
ning agt rum i detta avsnitt. 

Avstandet mellan det pa kartan 
markerade, malmférande urkalkstra- 
ket och omradet for maximal, icke © 
silikatbunden blyhalt i mordanens ~ 
finmaterial ar litet. Dels ar blymal- 
men, har blyglans, lattkrossad, dels 
har under isrérelsen transporten av 
blyglansen upp till den niva, som_ 
nu utgdr den relativt tunna mora- 
nens ytskikt, kunnat ske snabbt. 

Halterna av icke silikatbundet 
bly i den provtagna Salamordnens 
finmaterial ligga mellan 21 och 135 
g/ton. Undersédkningar fran andra 
omraden ha givit siffran 20 g/ton 
icke silikatbundet bly i av malm helt 
opaverkad moriin. 

Fig. 2 visar det andra undersok- — 
ningsobjektet, trakten av Odestugu 
1 Jénképings lin. Vi ha har vid 
Spexeryd en rik manganmineralisa- | 
tion (manganit, braunit och pyro- | 
lusit) 1 den markerade nord—sydliga 
sprickzon, som genom Smalandsgra- 
nit kan foljas fran trakten av Svena- | 
rum i sdder till 6stra Vatternstran- | 
den i norr. Punktnéatets gleshet och | 
oregelbundenhet betingas av sedi- | 
mentjordarnas stora utbredning. | 

Krossningsbestaéndigheten hos 
Spexerydmalmen dr i genomsnitt | 
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° 
Spexeryd 


@ 2000-4999 Yton © 750-999 Yton 
© 1000- 1999 ¥ton O 500-749 ¥Yton 
°< 500 ¥Yton 
ig. 2. Halter av mangan (oxid-, hydroxid- och silikatbunden) i morinen kring Ode- 
ugu. Streckad kontur anger yttre grinsen fér det pd ytliga manganmalmsblock 
kaste omradet (Kalvhagen). Pilarna visa raffelobservationer. Kartans sidokanter 


lépa i nord—syd. Skala 1: 100 000. 
For publicering godkand i Rikets allmainna kartverk den 30 december 1955. 


torre an hos blyglansen vid Sala. Sarskilt den radialstraliga, girna 
ammanfiltade manganiten ager betydande motstandskraft. Mordn- 
icket dr ocksaé i regel tjockare kring Odestugu an i trakten sdder om 
ala. Bada de nu némnda faktorerna ha samverkat till en ékning av 
vstandet mellan malmstraket och det maximala utslaget for malmen 
mordnens ytskikt fran 1 1/2 km och mindre i Salatrakten till 2 1/2 km 
id Odestugu. 

Blockstudier kring Odestugu ha givit det resultatet, att omradet for 
1aximal frekvens av ytliga manganmalmblock (Kalvhagen) endast lig- 
er obetydligt ndrmare fyndigheten dn omradet for maximal mangan- 
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halt imoranens ytskikt (fig. 2). I Salatrakten har plockning av block 
aigt rum i sadan omfattning, att en systematisk blockletning icke an- 
setts motiverad. 

Halterna av mangan (saval oxid- och hydroxid- som silikatbundet) 
i Odestugumoranen vaxla mellan 70 och 3 600 g/ton. Metallens férdel- 
ning i det undersékta omradet dr ganska ojamn, men man far ocksa 
rakna med forekomsten av andra mineralisationer an den, som brytes 
vid Spexeryd. Eftersom allt mangan, aven det silikatbundna, ingar 1 
siffrorna, ha dessa givetvis paverkats av variationerna 1 manganhalten 
hos bergarterna utanfor mineralisationerna. 

Mot den nu utférda undersdkningen kan invandas, att det varit 
alltfor tidsédande. Aven om moranproverna icke hade siktats och ana- _ 
lyserats i centrallaboratorium utan i falt, skulle man ha fatt rakna med, 
att hégst tio prov kunnat avverkas per dag. Den relativt blockrika yt- 
moranen forsvarade némligen gropgravningen. En bekvamare provtag- — 
ningsmetod>maste darfor utarbetas for framtida bruk. 

Dar goda blocksvansar finnas, sisom vid Odestugu, synes analys av — 
moranens finjordsfraktioner icke beh6va komma till anvandning. I de 
fall, da malmen till stérsta delen krossats under mordntransporten, har 
sadan analys daremot ett betydande varde. Liksom vid blockletning 
galler dock aven har, att istransportriktningen maste vara nagorlunda — 
val definierad. f 
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The Ancient Sea Fiord of the Viskan Valley 
By 
LENNART von Post f 
Chapter II. The Shore Marks 


In the Viskan Valley and the areas of Halland examined in the Viskan 
investigation, the following types of raised beaches are found: 


1) Littoral banks (Swed. “strandvallar’’);! 
2) Boulder fields (Swed. ‘“‘stengirden’’); 
3) Accumulation terraces; 

4) Shore cuts (Swed. “strandhak’’);? 

5) Abrasion terraces; 

6) Sublittoral plains; 

7) Rock beaches. 


Types Nos 1), 2) and 3) do not appear at all, or only quite exception- 
uly, within the Viskan Valley proper. 


Littoral banks (beach ridges): 


For more than half a century the raised littoral banks of Halland 
1ave been well known. In his early thirties, GeraRrD De Geer discovered 
he Post-Glacial transgression, and described, as its top mark, a bank of 
and running for kilometres over the coastal plain (De Geer, 1890, 
893). Where the country lies open to the sea, the surface of the marine 
lays and necron muds — sometimes, as also described by Du Gump, 
vith obvious traces of supramarine erosion — is covered by sea sand, 
requently heaped together into parallel or concentric ridges, one above 
he other up to the limit-bank of the transgression (fig. 1). 

As in the case of the Post-Glacial limit — “P. L.”’ — of Halland, the 
ttoral banks can be very well marked in the terrain, often with a 
readth of a couple of hundred metres or more (fig. 1). Yet, shore marks 
f this type are not, as a rule, suitable for shore level determinations 
rhen exactness is required, for their crests are very often built up 


1 yon Post’s term “littoral banks’ corresponds to beach ridges. 
2 von Post’s term “shore cut’’ corresponds to nip. 
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considerably above the shore level that is recorded by adjacent shore 
marks of other kinds. On Gotland, where in 1924 I studied this phenom- 
enon in detail, I found the altitude of the bank crest to vary according 
0 exposition, slope of the land surface, etc. This variation could be as 
much as three metres, but it could also be none at all. In view of this. 
I have as far as possible avoided littoral banks. In Halland I was not 
always able to do so; but within the Viskan area, this type of shore 
mark plays such a small part that it occurs in only one section, in the 
ancient archipelago outside the Viskan Fiord proper (fig. 2). Within the 
fiord it is entirely absent. 


Boulder fields: 


Sometimes sand and gravel have been removed almost entirely by 
ittoral waves and currents, so that a residuum of nothing but boulders 
of various size is left. Such boulder fields often replace littoral sand banks 
in places particularly exposed to littoral action. They are confined to 
the outermost parts of the present littoral, and do not occur in the Viskan 
Valley, nor in the ancient archipelago of the Viskan area. To the naked 
eye they may look like ridges, but on levelling, they very often prove 
fo end landwards with an horizontal belt that obviously indicates a 
high-water level. Thus, the boulder fields form more of a variant of an 
accumulation terrace than of a littoral bank (fig. 1 and 3). 


Accumulation terraces: 


In many places on the Coastal Plain of Halland and even in the 
archipelago outside the ancient Viskan Fiord, shore sand accumulated, 
30 as to form an even sediment surface slightly descending outwards 
tom the base of a cliff, or a chain of dunes. The knee! between cliff 
nd plain marks an average high-water level. Such a plain can measure 
wundreds of metres wide. Discontinuities in shore displacement may 
lave caused several accumulation plains to occur like steps beneath 
ach other, separated by slopes, often low and rather flat, and difficult 
© discern without levelling. A levelling section may, however, show a 
eries of distinct terraces. This is particularly the case in sand terrains 
yelow the Post-Glacial transgression limit, i. a. in the outer parts of the 
fiskan area (fig. 4 and 5). 


eShore cuts: 


The littoral erosion cut is the most common one among the raised 
aches, and is that which registers most exactly the ancient water level. 
could be called the embryonic form of an abrasion terrace. Its shore 


4 By “knee” von Post means the intersection point, the nip. 
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Halland: Getterén ® RTT of 


lain has been carved into the shore slope some few metres, and its 
liff rises only a metre or so. The ancient shore plain may be paved with 
oulders, and bear residual blocks of rock, particularly along its proximal 
i These blocks may be pushed together in the very knee to form a 

ore barricade. By averaging the height figures for a sufficient number 
f well-developed knee points, the former water level can be determined 
ith almost any degree of accuracy whatever. In the case of a former 
rtificial damming, I had to reconstruct the water height within a 
largin of error of 5 cm. I levelled, then, 33 knee points of the shore 
ut. In ordinary studies of raised beaches, such accuracy is not necessary. 
hold a margin of + 1 dm. to be satisfactory. For this purpose, I usually 
vel some 5 or 10 points, at intervals over a hundred metres or so 


ig. 6). 
Abrasion terraces: 


The abrasion terrace represents an advanced stage of the course of 
evelopment which starts with the shore erosion cut. Seen in a cross 
ction its shore plain has a breadth of some tens of metres, perhaps a 
indred metres, or more; and the cliff is often five, or even ten, metres 
gh (fig. 7). Residual rock blocks, and boulder pavement, are normal, 
ren in cases when it still has to be explained where the material has 
me from, e. g. when the terrace is eroded in clay. The distal portion 
the terrace plain may be built out by accumulation. As a matter 
‘course, the knee of the abrasion terrace gives an excellent altitude 
sure for the former water level, unless it has been secondarily deformed, 
2e below p. 115). 


Sublittoral plains: 

The most remarkable products of littoral processes are, in Halland as 
ll as in the Viskan Valley, the plains that can terrace the whole country 
tween M. L. and P. L., very often measuring kilometres in width and 
ping slightly. Below P. L. they are replaced by accumulation terraces, 
— in the Viskan Valley — delta plains, as mentioned above. I suggest 
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that those surface forms be termed “gublittoral plains” (von Post,, 
1946, 1947). i| 
Doubtless the evenness of these plains is due to waves and curren: : 
of the sea having flattened original elevations, and filled up the depres- 
sions with sediments. They prove to be, on the whole, abrasion plains, ; 
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splacement. As a matter of fact, every distinct shore line that is 
und regularly throughout an area shows the normal shore movement 
) have been interrupted. The so-called sublittoral plains do not, how- 
er, necessarily end with a distinct shore mark. Sharp knees are lacking, 
}a rule, at their proximal edges. They commence at the bottoms of 
ping ground belts, sometimes as genuine cliffs. But the transition is 
ostly gradual, either owing to secondary smoothing out, or because 
ere is a sequence of individual knees connecting plain and cliff. Such 
fact proves the plains to be collective effects of several successive 
andstills of the shore. That explains their having become the predo- 
inant surface forms of the Halland coastal plain that they actually are. 
In Halland, sublittoral plains may have been developed in most of 
e occurring soils: moraine, fluvioglacial, or littoral, sand and gravel, 
d clay. Particularly in the inner parts of South Halland these plains 
nsist of coarse, well-sorted gravel, stratified rather horizontally. Such 
avel has very great resemblance to the periglacial “Schotter” of 
ntral Hurope, and may even have a similar origin. In any case, it 
vy be derived from the melting ice. One terrace plain has been cut in 
low the other so that little is left of the original delta morphology. 

[In the inner parts of the Viskan Valley, where deposits from the older 
skan Fiord compose the whole bottom bed of sediment, sublittoral 
ins are almost as dominant a feature as in the corresponding areas 
South and Central Halland. At standstills of the sea level large plains 
re eroded in the flat old fiord bottom, which was still unconsolidated. 
e waves might have swirled up the silt, lowering more and more the 
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ord bottom. This process resulted in actual plains. When raised above 
a level, these plains bear witness that the shore remained stationary for 
nsiderable periods. The sublittoral plains of the Viskan Valley do not, 
Owever, any more than their counterparts in Halland, afford exact 
alues for the height situation of the ancient shore. None the less. 
oth have proved useful when constructing the shore-plane diagrams 
indicators where shore level has remained for a long time within a 
rtain altitude zone (fig. 8). 
A sublittoral pla, dating from an advanced stage of the Post-Glacial 
sgression, and partly buried under Post-Glacial sand, occupies the 
uthern part of the Horred plain (fig. 9), so that the muddy sediments, 
aat_ characterize the area of the Younger Viskan Fiord on the opposite 
de of present River Viskan, are entirely absent. This sublittoral plain 
also eroded in older fiord clay, and has formed a half-dry marsh, 
artly with a sheet of dopplerite on the top of it, partly with the clay 
yl weathered subaerially so that the surface layers have become 
ardened by exsiccation and intersected by a dense network of open 
ssures which were filled by sand from the subsequent transgression. 


Rock beaches: 


The absence of sheltering moraine within large areas of South West 
weden invited the cutting of shore marks into the bed-rock itself. 
evertheless, distinct rock beaches are very rare; and, besides, it is 
ten doubtful whether the erosion traces are due to littoral, or fluviogla- 
al action. Even when the littoral origin is evident, shore marks of 
is kind are of little use for determining exactly the ancient water 
vels. Neither in the Viskan Valley, nor in Halland, have rock beaches 
en reckoned with unless checked by other kinds of shore mark. Two 
pes of rock beach ought, however, to be described, as being significant 
different respects. 
In fig. 10, there are reproduced, from material of the Halland investi- 
tion, a few portions of the sections from »Stora Gubbandsan», the 
sternmost part of the isle of Getterén, near Varberg. Bedrock is 
oded by water in a way that is rather unusual in the archipelagos of 
reden, but is earlier described, as littoral effect, from Kullaberg 
HLMANN, 1916) and from Bohuslin (Launener, 1930). Just in cases 
e this, the origin of the water-erosion sculpture may look debatable; 
+ here its nature of shore formation is evident, because the erosion is 
tinctly confined to two altitude belts, both connecting with adjacent 
sed beaches, formed out in soil. The erosion effects on the bedrock 
sw, furthermore, a manifest dynamic relationship to these beaches. 
The bedrock erosion belts at »Stora Gubbandsan» could be charac- 
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srized as a sort of “Rauk field’’. (“Rauk’’ is — on Gotland — the name of 
rock pillar that has been broken free by wave erosion. Usually, a 
umber of “rauks’’ occur clustered together within a narrow area; 
“rauk’’field.)! In this case, however, the “Rauks” have deposited 
heir load leeward of the erosion field so as to form a boulder terrace, 
ne proximal surface level of which is shown by the sections (fig. 10) 
» match the top level of the eroded zone. It is also to be seen from the 
bctions that erosion intensity, expressed by the depth of excavation, 
prresponds to the degree of development of the shore accumulation 
1 question: the upper excavation belt measuring about one metre in 
eight, the lower only half a metre, both reckoned from patches with 
acial rock sculpture which have been left between the excavated 
ortions. The excavation has resulted in a labyrinth of trenches, sep- 
ated by plinths and crestlike walls, determined as to trend and 
ycation by the rock structure. Small cavities and troughs, resulting 
om vertical excavation, are common; and there occur even actual 
ot-holes, some decimetres in depth. 

Abundance of rounded forms, worn out by wave action, and, as 
tule, the comparative absence of the rough edges which result from 
ost weathering, are, in Halland, characteristics of the rock sculpture 
nroughout the whole sequence of Post-Glacial shore belts (fig. 11). 
t still earlier stages, however, frost weathering was predominant 
hd left its mark, more or less, everywhere in the Gothi-Glacial and 
ini-Glacial rock-shore profile. Even in the Viskan Valley, the latter 
ay exhibit every feature of such an “arctic type” of rock shore as has 
sen described by NaNsEN (1922) and Tanner (1930). The occurrence 
this type of shore on the ancient Viskan Fiord is one piece of evidence, 
mong others, of genuine arctic climate during the Late-Glacial period 
South Sweden. 

Just as on the Arctic Ocean, the older rock-shores of the Viskan Fiord 
e developed into a combination of well-defined cliff and shore 
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-“Rauk” is the same as stack. 
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plain: the cliffs often several metres high; and the shore plains a few 
tens of metres in breadth (fig. 12 and 13). The cliffs are scarred with — 
frost fracture; and may be intersected by channels, dug out to a con- 
siderable depth along frost-broken fissure zones. The shore plains may ~ 
show the characteristic proximal excavation, resulting from snow and _ 
ice collecting at the bottom of the cliff; and, correspondingly, a distal — 
bank of rock. 

Rock cleavage may also be decisive for the shore development at | 
places where Post-Glacial abrasion or accumulation terraces join steeps + 
or rock. There, breaking waves may have affected the latter; widening ; 
the joints, in co-operation — more or less — with the frost; and pushing * 
the cleavage blocks apart. Depending on the dip of the rock structure, — 
the result has varied. On the southern side of the Viskan Valley where | 
the layers of the gneiss are generally sloping outwards, the littoral 
breaking down has mostly taken the form of loosening the blocks, and | 
making them slip down the layer surfaces into the actual wave zone, 
and there to be smashed up into boulders that were, eventually, rounded 
off and deposited on the shore plain (fig. 14). On the opposite side, 
inward dip allowed erosion to undermine the cliff, forming caves and 
projecting shelves, which finally broke and plunged into the sea. 


Deformed shore marks: 


Rock beaches look fresh even after ten millennia or more and show 
slight traces of secondary deformation. Even shore marks in soil may be 
found undisturbed, especially in areas that have never been cultivate 
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Agriculture, however, deprives the shore profile, more or less, of its 
original distinctness, smoothing the erosion knees, and turning their 
almost angular sharpness into soft roundness. Then, one has either to 
one’s section through wood land; or, if such is not available, to 
ry reconstructing the actual knee point, although buried under, per- 
haps, a metre or two of secondary soil. For this purpose, one has to 
arrange a series of measuring points at*short intervals on both shore 
plain and cliff. The close levelling ought to commence, on the plain, 
some ten or twenty metres, at the least, from the bottom of the cliff, 
and stretch up the latter. The section being drawn up, the real knee 
level is, as a rule, easily determined by extrapolating the section lines 
of cliff and plain, thus ascertaining the intersection point. The method 
has been proved reliable by digging out in a couple of deformed Viskan 
sections the original shore profile. But, if one believes oneself capable 
of locating ocularly the ancient water line of such a deformed shore 
profile, one is very often much mistaken. 

However, not merely land cultivation has deformed the raised beaches. 
Subaerial erosion has, as a matter of course, also been a main factor. 
[he sublittoral plains may be cut through by brook ravines to such a 
legree, that, at first sight, they seem hilly terrains, and only levelling 
liscloses an even level. Yet, even when the plains are tolerably well 
sreserved, there appears a particular erosion factor the work of which 
s finished today, but was intense enough in the past: viz. solifluction 
mainly, as it seems, due to the severe climate conditions of Late- 
racial time. 

The solifluction traces are partly deep, V-shaped ravines of the well- 
mown type (fig. 15), and partly rather shallow, flat-bottomed depres- 
ions; both types, however, mostly without running water, and branching 
ut in such a way as characterizes true solifluction ravines. The V-shaped 
avines are confined to sand and clay areas, the soil of which nearly 
lways contains a silt (Swed. »mjala») that forms the particular creeping 
oil. The flat depression systems occur in coarser kinds of earth; even 
ithe “Schotter’’-like gravel, mentioned above, and in moraine. Often 
he main stem, or a larger branch, of the ravine runs along the cliff 
f an ancient shore. The cliff has supplied water; either through surface 
rainage collecting at its bottom, or owing to shore erosion having cut a 
ound in the soil that released an outpour of ground water. Anyhow, 
<cavation of the proximal belt of the shore plain may have deformed 
1e shore profile so that the ancient water level is to be reconstructed 
indirect ways, analogous to those mentioned above in the case of 
sfiguring by land cultivation. 
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Hither kind of solifluction ravine now described is manifestly “dead’’. 
Recent solifluction, in the proper sense, is nowhere observed. Cultivated 
fields cover, uninterruptedly, the whole ravine landscapes. Land cul- 
tivation has even smoothed the angular forms that might have been 
the original ones. The only indications of persisting growth of the ravine 
systems which could be traced are connected with springs that pour 
forth at the bottoms of the ravine valleys, metres below the ordinary 
soil surface and the points of the ravine branches. But, as a matter of 
fact, conditions around these springs add another piece of evidence to 
those that suggest ravine formation to be mainly an event of the past, 
and to have taken place under other hydrological conditions than the 
present ones. Because erosion of today is strictly confined to the outflow 
brooklets from the springs and proceeds at a rate that is next to nothing 
in comparison to that which formed the ravines themselves. Then, 
ground-water level must have stood considerably higher than nowadays, 
and the spring flow been stronger. And furthermore, the ravine systems 
open in the cliffs of different raised beaches, mostly without alluvial 
fans. The base-level of ravine formation must have been the sea at 
various stages of the negative displacement of the shore. This fact 
provides a basis of dating the ravine formation in Halland. Downwards, 
the occurrence of ravine mouths ceases at the Post-Glacial transgression- 
limit, or — at higher isobase-latitudes where Fini-Glacial shores have 
risen above P. L. — at one of these. The solifluction ravines of the Hal- 
land coastal plain must in general date from earlier phases of Late- 
Glacial time. 

No doubt, the ravine-like depressions of the siltless gravel areas 
(fig. 16) form parallels to the solifluction valleys which have been 
described by Jutius Bipex from the Austrian footland of the Alps 
(BipEL, 1944). BiipEL may be quite right in suggesting these valleys 
to be effects of the “periglacial climate’. Personally, I have pointed 
out some other examples of Late-Glacial ravine formation in Sweden 
(von Post, 1945), and stressed the significance of this phenomenon 
for ascertaining the character and duration of Late-Glacial climate. 

Solifluction in coarse soils seems to be confined to the southern parts 
of Halland, and does not occur in the Viskan area. Being obviously 
formed in the ordinary manner, viz. by regressive erosion beginning 
at the river banks, these ravines do not affect the shore marks; and 
the date of their origin is disputable. The ravine stems open to the 
iver; and some of them are doubtless Post-Glacial.! Others might 
sither be contemporaneous with these, or date from a stage of devel- 


4 7 ‘The pallies have been described and discussed by WENNER: “The deltas and terraces 
f the River Viskan — — ”, Geografiska Annaler 1950. 
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opment previous to the Post-Glacial transgression when the river 
bed had already been eroded. I have, however, not been able to de- 
cide whether the indications in this direction actually hold good. 


Tempest shore lines (Swed. stormstrandlinjer; 
Dine Go 2 Rigi O'2)0, ie) 3.01. Aye 


It stands to reason that the formation of every shore mark, which 
exhibits a satisfactory degree of development, demands a certain space 
of time during which the shore level remained stationary. On the other 
hand, the standstills of the shore must not necessarily have lasted very 
long: On Lake Hjalmaren — lowered in 1875 for a couple of metres 
— ] found in 1908 a good and continuous littoral cut eroded in moraine 
at the new high-water level. In 1929, it had developed into a complete 
shore profile with the cliff some metres in height, and on the shore 
plain patches of boulder pavement and a plenty of residual rock blocks, 
the latter frequently driven together into shore barricades. Less than 
sixty years had been enough for a fully developed erosion terrace to 
be formed. In extreme cases much shorter periods can suffice. At 
shores consisting of sand that is easily eroded, an extraordinary flood 
lasting only for a few hours can determine the level of the littoral knee 
for years. For example, on Lake Siljan, a high-water mark cut on 
May 18th, 1916, remained as the border line between cliff and plain far 
into the twenties (FELLENIUS and von Post, 1921; von Post, 1934). 
Finally, it is a well-known fact that a hard sea-wind can raise the water 
level for a day or two, and thoroughly re-shape the configuration of the 
shore line (LUNDQVIST, 1928). 

The fact that persisting shore marks may be formed at quite ephemeral 
water levels induced DE GreEr to advance the hypothesis of “tempest 
shore lines”. Firmly convinced that the Late-Quaternary land upheaval 
in Fenno-Scandia has proceeded without other interruptions than the 
Post-Glacial “subsidence” and, possibly, a Gothi-Glacial, and a Fini- 
Glacial one, Dz GEER grasped the possibility of getting a sequence 
of isochronous shore planes by means of occasional littoral cuts, and 
terraces, eroded by tempest floods. The criterion of tempest shore 
marks should be their occurrence only on windward slopes; and Dz GER 
meant also to find several systems answering this definition. 


i 


Be this as it might — even if tempest shore lines should actually | 
play as prominent a part as Dz Gump suggested they do, the bulk of the | 
raised beaches of Halland and the Viskan Valley are certainly not of 
that kind. I shall not deny that the shore marks of these areas can | 
occasionally be tempest lines, I even admit the probability of the water _ 
level of the ancient Viskan Fiord having been raised occasionally by | 


| 
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south-western winds so as to leave a continuous shore mark that could 
be called a tempest one. But, none the less neither soil terraces with 
idths of, perhaps, some hundred metres, nor rock beaches, nor sub- 
ttoral plains could possibly have resulted from some hours, nor days, 
of littoral action. Such phenomena must be due to the shore level 
aaving remained unchanged for some longer period. This implies 
undeniably that the shore movement has been discontinuous. The 
nature of the discontinuities will be examined in later chapters. 

As to the erosion cuts and narrow terraces, their behaviour excludes, 
n many cases, the possibility of accepting them as tempest effects. 
They are not unilateral. In the Viskan Valley the occurrence of shore 
marks at the same level on both sides of the ancient fiord may still 
low their originating from an occasional driving up of the water level 
9y sea wind. However, such an argument is weakened when the sections 
ilong which the beaches have been found are drawn through depres- 
‘ions in the valley sides that formerly were sheltered bays of the fiord. 
in areas devoid of coherent moraine cover, such depressions often 
ifforded the only way to obtain a tolerably complete record of the 
incient shore levels. In the former archipelago of Halland, the levelling 
ines very often traverse ancient islands. In fact, I endeavoured to get 
ections by which both windward and leeward sequences of shore marks 
vere recorded, just in order to control the occurrence of tempest shore 
ines by comparing opposite exposition. The result was that shore marks 
ppear so often at the same level on seaward and landward hillsides 
hat pure tempest effects ought to be rather rare exceptions. Even small 
hore marks might, in general, reveal discontinuities in the rise of the 
and, the more so as they prove to be connected with larger ones. 


“Shore-level analyses”: 


To secure, as far as possible, accuracy of the shore-line figures no 
recaution has been omitted. As a matter of course, the calculations 
f the levelling protocols have been methodically controlled; and averag- 
ng the altitude figures of littoral cuts, etc., is already mentioned. 
‘urthermore, in several cases, parallel sections have been levelled in 
rder to prevent differences in exposition, sloping of the shore land, 
nd coarseness of the soil to cause errors. At certain places, many lines 
f levellings have been established — shore-level analyses (“S. L. A.’’) 
— the altitude figures used for diagram construction resulting, in 
uch cases, from five, six, seven, or more, separate measurings (cf. 
hapter III). Shore marks of various types being very often represented 
1 one and the same shore-level analysis, disagreements have been 
yund which may amount to one metre, or so; and, moreover, a certain 
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shore line that is present in, for instance, four out of seven sections, 
may be failing in three, either because of the former littoral being 
unsuitable for a shore mark to be formed, or erosion at a lower level 
having cut away the shore land of previous stages of regression. Ex- 
periences like these ought to be remembered in synthesizing the epeiro- 
genetic figures, as excuses for a shore plane not being represented in 
the one section or the other. 


Polygenous shore marks: 


In districts like the outer parts of the Viskan area, where the sea 
shore has moved down and up and down again, and stopped repeatedly 
because of discontinuities in its displacement, one may expect to find 
shore marks that do not date from a single occasion only, but are collec- | 
tive results of several periods of shore agency. In fact, “polygenous”’ 
raised beaches of this kind occur (von Post, 1938). This is, for instance, 
the mode of formation of the huge cliffs that encircle several ancient 
islands in the Veddige area, just outside the mouth of the Viskan Valley. 
The bottom level of those cliffs corresponds to the Post-Glacial trans- 
gression limit; and in their present shape they are, as a matter of fact, 
magnificent monuments of that cardinal epeirogenic event. Yet, as is 
shown by my shore plane diagrams, they match older shore planes as _ 
well; and in places erosion cuts up the cliff still remind us of its com- 
pound origin. Since long ago, compoundness of shore accumulations is 
a well-known phenomenon (von Post, 1902, 1903; KsELLMarK, 1903; 
THomasson, 1926, 1927, RypBrck, 1928; Lunpevist, 1928; ALIN, 
1934). 


In addition to the literature cited after Chapter I the following litera-— 
ture has been cited: | 


AuLMANN, H. W-son.: Mechanische Verwitterung und Abrasion an der 
Grundgebirgskiiste des nordwestlichen Schonen. — Bull. of the Geol. 
Inst. of Upsala, Vol. XIII, Uppsala 1916. 

Aun, J.: Strandlinjens lage i Goteborgstrakten vid slutet av den senglaciala 
landhdjningen. — Géteborgs K. Vet. o. Vitterh. Samh. Handl., 5:e foljden, | 
Ser. B, Vol. 4, Goteborg 1934. 

Bupet, J.: Die morphologischen Wirkungen des Eiszeitklimas im gletscher- 
freien, Gebiet. — Geol. Rundschau, Vol. 34, Stuttgart 1944. : 

De Grrr, G.: The finiglacial subepoc in Sweden, Finland and the New World. _ 
— Geogr. Ann., Vol. 12, Stockholm 1930. 

— Geochronologia Suecica Principles. — K. V. A. handl., Ser. 3, Vol. 18 
Stockholm 1940. ; 

Ksetimark, K.: En stenaldersboplats i Jaravallen vid Limhamn. — Antiqva- 
risk Tidskr. f. Sverige, Vol. 17: 3, Stockholm 1903. ; 


+ | 


3d: 78. H. 1] THE ANCIENT SEA FIORD 2 


sJUNGNER, E.: Spaltentektonik und Morphologie der Schwedischen Ska- 
gerackkiiste. — Bull. of the Geol. Inst. of Upsala, Vol. XXI, Uppsala 
1930. 

LUNDQVIST, G.: Studier i Olands myrmarker. — 8. G. U., Ser. C, No.~353, 
Stockholm 1928. 

Von Post, L.: En profil genom hégsta litorinavallen pa sédra Gotland. — 
8. G. U., Ser. C, No. 195, Stockholm 1903. 

— Fetientus, W.: Utredning betriiffande erosionsrisker genom partiell 
reglering av Siljan. — Stockholm 1921. 

— Bonislinjen. En ledniva bland Siljanbickenets senkvartira strandlinjer. 
— G. F. F., Vol. 56, Stockholm 1934. 

— En kodex for klmathistorisk istidsforskning. Med randanteckningar ur 

svenska synvinklar. — G. F. F., Vol. 67, Stockholm 1945. 

Var fornkultur i naturhistoriens ljus. — Svenska Turistforen. Arsskr. 

1946, Stockholm 1946. 

Hallands marina fornstrander. — G. F. F., Vol. 69, Stockholm 1947. 

YDBECK, O.: Stenaldershavets nivaférindringar och Nordens dldsta_ be- 
byggelse. — K. Hum. Vétensk. samf. Arsber. 1927—1928, Lund 1928. 

HOMASSON, H.: Strandlinjer pa Skagganis. — G. F. F., Vol. 48, Stockholm 

1926. 

Kolmardens hégre strandlinjer. — G. F. F., Vol. 49, Stockholm 1927. 


ostscript on Rock Beaches 


As Lennart von Post himself pointed out, any rock beaches are 
ikely to be much affected by the sheet structure of the bedrock. 
therwise the formation of rock terraces would require the sea level 
emaining constant over a very long period of time, whether the 
limate was arctic or temperate while the terraces were being cut. 
he present editor of von Post’s postumous work will be dealing 
ith the various types of strand lines in a later chapter of this work. 


Carl-Goésta Wenner 
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A preliminary determination of the maximum age of the 
Alné rocks 


By 


H. v. EcKERMANN and F. E. WickKMAN 


The following observations made by one of us (H. v. ECKERMANN, 
1948) are important for a discussion of the age of the rocks of the Alné 
formation. : 

1. A radial carbonatite dike cuts a Jotnian porphyry dike at R6ddé 
Island (Pl. 51, fig. 4 and Pl. 58 (map)). | 

2. A radial biotite-alvikite dike intersects the Jotnian basal conglo- 
merate and sandstone at Barsevik NE Alné (p. 126 and analysis no. 
114). | 

3. The presence of pebbles formed by erosion from Jotnian diabase in — 
an alnéite breccia at Hovid (p. 160). 

4. The fact that the movements have been small along the large 
faults between the Alné Island and the mainland, viz. islands situated 
further to the east, after the intrusion of the Alné dikes (p. 161) and 

5. Several hitherto unpublished observations in a tunnel under con- 
struction for the hydroelectric power station at Bergeforsen, about 6 km 
NW of Alno, where cone sheets of Alné rocks were found intersecting 
Jotnian rocks. 

In his monography v. EcKERMANN (1948) assumed that the Alné 
rocks are somewhat younger than the Jotnian, i. e. they should be post- 
Jotnian but pre-Cambrian. However, the possibility of the Alné rocks 
being Permian, as are some other Fennoscandian alkaline rocks, was 
not excluded on account of the observations given in paragraph 4. 

One of us (v. EckERMANN) has investigated the radioactivity of the 
Alné rocks in order to find radioactive minerals suitable for an absolute 
age determination. It was found that some of the minerals forming @ 
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ries with gradually increasing niobium content, from perowskite 
sopite) through dysanalyte to pyrochlore, were particularly radioac- 
ve. Complete analyses of these minerals have been performed. by 
.. Buix and T. BERGGREN. In some of these cases uranium has been 
etermined polarographically by G. W1nGARDH, in others uranium was 
stimated approximately by v. EcKERMANN by comparative measure- 
ents of the radioactivity. 

The highest contents of uranium and thorium were obtained polaro- 
raphically on a sample of knopite which came from the collection of the 
ite prof. Hotmavist. Hitherto this mineral has been found only in 
oulders on the Alné Island and never in an outcrop. Unfortunately the 
ample was totally used up in the analysis, and therefore nothing re- 
ained for an age determination. 

These analyses gave the following results: 


U;053 ThO, 
1 Knopite 0,04%  3,00% 
2 Perowskite in soevite, Stugholmen 0,01% 0,24% 
3 Dysanalyte in soevite, Prickskar O01, 0,03 %, 
4 Pyrochlore in soevite, Smedsgarden 0,00% 0,15 % 
5 Pyrochlore in soevite, Smedsgarden 0,03% 1,31% 


Samples similar to 2, 3 and 5 were used for age determinations. The 
d contents were too small in samples 2 and 3, however, to be of any 
lue, so they could not be used. Obviously the pyrochlore varies 
ongly in the contents of uranium and thorium, and the sample used 
A. Parwet for a chemical analysis gave the following results: 


Pb: 0,0405 % 


U: 0,026 % 
Th; 1,51 % 
om these values the apparent age can be calculated, viz., 
pee 0,0264 d i =F 0,017 
Remove 4 he ah UST 


ich gives us an age of 562 million years (Wickman 1944). 


Until the lead separated in the analysis has been measured in a mass 
ctrometer this value is to be taken as indicating a maximum age 
ly, as we do not know whether the pyrochlore on Alné Island contains 
ginal lead. 

Tf the value is correct, the Alné rocks should be regarded as Kocam- 
i n, but this conclusion seems rather doubtful because in that case the 


servations mentioned in paragraph 4, are difficult to explain. 
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in metod for berikning av en senomsnittlig grundyvattenyta 


Av 


HARALD SVENSSON 


Zusammenfassung. Eine Methode zur Berechnung eines durchschnittlichen Grund- 
asserspiegels. Die Methode setzt die Kenntnis der Raumkoordinaten fiir den Grund- 
rasserspiegel in einer Anzahl von Punkten voraus. Aus diesen nach Koordinaten fest- 
elegten Punkten wird eine Fliche entwickelt, deren Abweichung von den gegebenen 
unkten so klein wie méglich sein muss. Nimmt man an, dass die Fliche die Form (1) 
at, k6nnen die Koeffizienten mit Hilfe von Gleichungen (2) berechnet werden. Der 
uadratische Mittelwert der Abweichung kann nach (3) wie unten berechnet werden. Mit 
_- der Gleichung der Flache kann die Neigung nach jeder Richtung hin bestimmt 
erden. 

‘Es muss hervorgehoben werden, dass die Homogenitat aus geologischen und topogra- 
hischen Gesichtspunkten gefordert wird, um einen reprasentativen durchschnittlichen 
rundwasserspiegel fiir ein bestimmtes Gebiet zu berechnen. Die Punkte sollen auch 
6glichst gleichmAssig verteilt sein. 

Die Methode diirfte in anderen geologischen oder physikalisch-geographischen Zusam- 
enhangen von Nutzen sein. Ein Aufsatz iiber die Anwendung der Methode in der Pene- 
an-Forschung ist in Vorbereitung. 


Den naturliga grundvattenytans lage i en trakt ar forutom av topo- 
rafi och nederbordsférhallande framst beroende av de lésa jordlagrens 
mt berggrundens beskaffenhet. Grundvattenytan torde darfér i all- 
inhet representera en undulerande yta. 

For praktiskt geologiska undersékningar kan det vara av intresse att 
r tillgingliga data rérande grundvattenytans lige séka konstruera 
t plan, vilket sa nara som mojligt ansluter sig till den verkliga grund- 
uttenytan. 

For de matematiska berékningarna ay en dylik genomsnittlig grund- 
ittenyta ar det nédvandigt, att koordinaterna (x och y i horisontal- 
anet samt z i vertikalplanet) for den faktiska grundvattenytan 1 ett 
tal punkter aro kinda. Antager man, att den genomsnittliga grund- 
ttenytan, hanford till ett tredimensionellt koordinatsystem ar av 
rmen ax + by +z+c= 0. (1) kan med hjalp av minsta kvadrat- 
etoden, konstanterna a, b och c bestémmas, sa att planets avvikelse 
in de givna punkterna blir sa liten som mojligt. Féljande ekvationer 
n namligen harledas: 

a Lx? + bX xy + c2x + Lxz= 0 | 
a Sxy + b Ly? + cLy + Lyz = O ; (2) 
ax +b2y +ne + 4% —o| 
ra, b och c dro de sokta koefficienterna samt n antalet observa- 


ner. 


; 
; 


4 
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Det ligger narmast till hands, att vid berakningar av ovan angivet slag» 
utga fran grundvattenytan, sidan den kommer till synes 1 brunnar samt | 
medelst matningar pa en karta angiva x- och y-koordinaterna for en . 
brunn, utgaende fran tva bestiimda riktningar sasom x- och y-axlar, 
z-koordinaten representerar vattenytans héjd over xy-planet, d. v. s. 
o-planet. 

Det ligger i sakens natur, att skall en beraknad genomsnittlig grund- 
vattenyta e] alltfor kraftigt avvika fran de faktiska forhallandena, bor * 
omradet vara témligen enhetligt ur geologisk synpunkt samt ej vara, 
alltfor kuperat. Vidare bora observationspunkterna vara nagorlunda , 
jamnt fordelade. 

For att illustrera hur ovanstaende metod arbetar, har en godtyckligt ; 
vald del av Kalmar lin behandlats. Det skall framhallas, att detta gjorts s 
endast i akt och mening att exemplifiera utan tanke att av resultatet > 
draga nagra slutsatser for ndmnda trakt. Da inga data fran brunnar> 
statt till buds, ha berékningarna mast utga fran kartans uppgift om) 
sjoar. For att antalet punkter ej skulle bliva for lagt, har ett omrade : 
motsvarande de fyra kartbladen av ekonomiska fotokartan: Agebo, 
Ramsj6, Bjérnasj6 och Oskar behandlats. Antalet sjéar, vilka med sina 
koordinater ingatt i beriikningarna, ar 34. Sjarnas mittpunkter ha fatt > 
utgora de koordinatbestamda punkterna, pa vilka berakningarna ba- - 
serats. Till origo har valts det gemensamma hornet av némnda kart. - 


Sree 
5km 


Fig. 1. Nomogram, visande den genomsnittliga grundvattenytans lige inom det beha: 
lade omradet. 


Nomogramm des durchschnittlichen Grundwasserspiegels des Untersuchunggebietedl 
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lad (se fig.). Axlarna representeras av bladskarvarna med x-axeln i den 
st-vdstlga riktningen. 

Om berakningarna utféras med meter som enhet, kan med hjilp av 
vanstaende ekvationsystem féljande varden for koefficientrna a, b, 
ch c bestimmas for ifragavarande omrade: a = 0,00318, b = 0,00138, 
= — 98,94. Ekvationen fér planet, representerande den genomsnitt- 
ga grundvattenytan far darfér formen 0,00318x + 0,00138y + z— 
8,94 = O, d.v.s. ett plan, som skir bade positiva x-axeln (skarnings- 
unkten erhalles, om y och z sittas = O) samt positiva y-axeln (skar- 
ingspunkten erhalles, om x och z sittas — O). Den allmanna lutningen 
planet ar ostnordostlig. 

Med hjalp av planets ekvation kan nu — och dari torde metodens 
torsta fortjanst ligga — héjden av den genomsnittliga grundvatten- 
tan bestammas i en godtycklig punkt inom ifragavarande omrade. 
ntag att man soker ett héjdvarde pa grundvattenytan i en punkt 
ued koordinaterna x = 1000 y = 500. Insittas dessa varden i ekva- 
onen, erhalles z = 95,07. Onskar man veta, var grundvattenytan nar 
00-metersnivan (d. v. s. z = 100), erhalles av den ursprungliga ekva- 
onen for planet 0,00318x + 0,00138y + 1,06= O, d. v.s. en rat linje, 
ym skér negativa x- och y-axlarna. Pa fig. 1 har framstiillts erund- 
attenytans héjd inom omradet i nomogramform. 

Betraffande den allmanna lutningsriktningen i ett plan av ovan an- 
vet slag kan féljande enkla uttryck fér dess berakning uppstallas: 


/ Vp =, dar vz, betyder riktningen i férhallande till x-axeln samt 
a 


b och ¢ utgéra koefficienterna i planets ekvation. 

Nar det giiller planets lutning, v,, med horisontalplanet, kan den 
raknas enligt formeln: tg v;,—= Va? + b?. 

I det ovan genomférda exemplet ar lutningen riktad mot ost 23,5° 
rd. Lutningsbeloppet i denna riktning dr 0,2°. 

For bedémning av hur det harledda planet anpassar sig i hdjdled till 
-givna punkterna kan anvandas formeln: 


elie fags ee +aXxz + b2yz4+ cLz 
n 

rd betyder avvikelsens kvadratiska medelvarde. 
Tidigare har framhallits hurusom homogenitet ur geologisk och to- 
grafisk synpunkt kraves sisom en férutsdttning for att en representa- 
genomsnittlig grundvattenyta skall kunna beriéknas. Det behandla- 
omradet blir val darfor i allmanhet tamligen begrénsat. Far omradet 
rre utstrackning, maste det dven tagas under 6vervagande, 1 vad man 
Uistaéndighet i kartans projektion kan spela in. 


(3) 
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Matematiskt sett ar ovanstiende metod, sasom i korthet nimnts, 
problemet att med minsta mojliga avvikelse anpassa ett plan till givna 
punkter (det erfordras minst 3 punkter, som ej fa ligga pa en och samma- 
rita linje) i rymden. Metoden kan tiankas vara till nytta i andra geo- 
logiska eller fysiskt geografiska sammanhang. Tanken gar narmast till 
peneplanforskningen, dar det giiller att med hjalp av typiska terrdng: | 
punkter sdka fastlagga erosionsytor. En uppsats i denna fraga ar under 
utarbetande. 
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Héstmotet 1955 


Svenska féreningens for lerforskning héstméte 1955 holls den 28 noy. 
i IVA:s lokaler i Stockholm. 

Med en tyst minut hyllades de under aret bortgangna medlemmarna 
éveringenjér W. Kjellman och f. d. 6veringenjor T. Hultin. 

Vid Arsmétesforhandlingarna godkaénde fdreningen styrelse- och 
revisionsberattelserna och styrelsen beviljades full ansvarsfrihet for 
det gangna verksamhetsaret. Styrelsen fick den sammansattning, som 
meddelats pa forsta sidan. Till revisorer valdes laborator K. I. Skarblom 
och statsgeolog E. Mohrén med lektor L. Silfverberg som suppleant. 

Férslag férelag fran styrelsen att uppdela sekreterarposten och till- 
sitta en sdrskild kassaforvaltare inom styrelsen, vilket forslag godkandes ~ 
av foreningen. 

DTA-kommitténs rapport, sammanstalld av agr. lic. K. Vahtras, 
féredrogs. I anledning av rapporten yttrade sig hrr Silfverberg, Assars- 
son, Hagerman och Simonsson. Foreningen utsag hr Hagerman att 
sammanstaélla material av typiska svenska leror till standardpro-_ 
ver. 

Ordféranden meddelade att det var énskvart att de formular rérande — 
apparatur och arbetsmetodik, som tidigare tillstéllts medlemmarna, 
atersindes ifyllda giérna med en kortfattad formulering pa svaren. 

Som gistforelasare hade inbjudits Dr. R. C. Mackenzie fran The | 
Macaulay Inst. of Soil Research, Aberdeen, och Dr. phil. I. Th. Rosen- 
qvist, Norges Geotekniske Institutt, Oslo. Vidare holls foredrag av 
fil. lic. A. Danielsson, Bolidens Gruvaktiebolag, Skelleftehamn, fil. | 
kand. 8. Fredén och fil. kand. E. Saare, bada fran Statens vaginstitut. — 
Foredragen atfoljdes av diskussion. Ett 60-tal medlemmar hade samlats 


till héstmotet. Sele thy) 


The Use of Differential Thermal Analysis im | 
Soil Clay Mineralogy! 


Av 


R. C. Macxenzir? 


The advantages and limitations of the differential thermal method are _ 
discussed and attention drawn to certain procedures by which it can be 
rendered more diagnostic. At the Macaulay Institute, however, the 


‘ Ref. av féredrag i Svenska foreningen for lerforskning *8/,, 1956. 
* The Macaulay Inst. for Soil Research, Aberdeen. 
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1ethod is used at present in a complementary manner to X-ray diffrac- 
on analysis. The apparatus and techniques in use are briefly described 
nd some curves for typical minerals shown. A number of curves for 
ul clays from different localities and with different parent materials 
re then discussed and it is demonstrated how differential thermal 
nalysis can yield data which would not have been obtainable from 
-ray examination alone. It is particularly stressed that the most comp- 
te knowledge of any clay can only be obtained by using X-ray, differen- 
al thermal, thermogravimetric, optical, electronoptical, chemical and 
fra-red techniques upon each sample. 

‘En utforligare uppsats kommer i ett senare nummer. 


agra synpunkter pé anvandningen av Norelco- 
diffraktometern fér kvantitativa fas- 


bestamningar 
Av 


ALLAN DANIELSSON? 


Abstract: The errors envolved in using Norelco diffractometer for quantitative estima- 
n of phases present are discussed. These errors are of statistical and systematical 
ture. The systematical errors depend upon absorbtion, particle size and way of mount- 
: the specimen in the holder. Based on a recalculation of the theoretical relation between 
x values and absorbtion, different methods of eliminating the influence of absorbtion 
discussed. The methods used for preparing the specimens for the fixed and the rotating 
der are given. The counting statistics which is supposed to be Gaussian is discussed. 
is stressed that the well known square root relation between number of counts and 
ndard-deviation holds even when scanning a line as happens when integrating a diffrac- 
n line. 

Det grundliggande for diffraktionsanalysen ar att kristallina 4mnen 
r en karaktaristisk diffraktion av rontgenstralningen. En diffraktions- 
jes intensitet ar en funktion av manga faktorer: den infallande stral- 
wens intensitet, provets sammansdttning, anordningens geometri, 
m. Utvecklingen av analysmetoder maste syfta till att klargora och 1 
yjligaste man eliminera andra faktorer sa att matvardena aro entydiga 
iktioner av halten. Med en pulverkamera dr det ofta endast mdjligt 
| siga om en fas kan pavisas eller inte pavisas, och detta brukar man 
nligen inte kalla kvantitativt. Med en kvantitativ bestamning menar 
n en bestaémning med angivande av felets storlek. Kvaliteten pa 
1 kvantitativa analysen bestéammes av storleken hos felet. Man skulle 
edes kunna saga, att diffraktometern skiljer sig fran pulverkameran 
d film framst genom att man kan mata felet. Forutséttningarna for 


_Foéredrag for Svenska féreningen for lerforskning **/,, 1956. 
“Bolidens Gruvaktiebolag, Skelleftehamn. 
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att beddma ett resultats felgranser fordrar att man kan bestémma bade 
de statistiska och systematiska felen. Vad ar det som gor diffrakto- 
metern battre i det har avseendet an pulverkameran? Jo, preparering — 
och montering av provet kan reproduceras. Detsamma giller registre- 
ringen, som utféres med Geiger Counter. De systematiska felen, harro- 
rande exempelvis fran absorption och partikelstorlek, kan atminstone — 
till en del bringas under kontroll. 

Féreliggande arbete hanfér sig till North American Philips Geiger 
Counter Diffraktometer (1). 

Absorption. Teoretiska och praktiska undersdkningar Over 
absorptionens inflytande har framst utférts av L. Alexander och H. P. 
Klug (2). Att intensiteten hos en diffraktionslinje avtar med stigande 
absorption i en exponentiell funktion ar klart. Hur denna funktion ser 
ut fér fluxet, d. v. s. den 6ver hela provet integrerade intensiteten ay — 
diffraktionslinjen, ar avhangigt av diffraktionsanordningens geometri, 
Alexander-och Klug ger foljande formel for sambandet mellan intensitet_ 
och absorption. 


I Ka Xa 

2 PalXa (u*.— wy) + od 

Ka = Konstant beroende pa kristallarten och geometrien 

Xa = Viktsfraktionen av fasen a i blandningen 

u*, = Linedra absorptionskoefficienten for fasen a ; 

u*y = Linedra absorptionskoefficienten for den 6vriga substansen ~ 
utom a 

Pa = Tatheten hos a 


Det som har kallas intensitet ar oegentligt och bor heta flux. Alexan- 
ders och Klugs beraikningar och slutliga formel kan ge ett intryck ay” 
att absorptionen i den fas man best&émmer har ett speciellt inflytande. | 
Med andra ord, formeln uttrycker inte explicit det faktum att fluxet ai 
omvant proportionellt mot medelabsorptionskoefficienten. 

Om man fran bérjan infor endast medelabsorptionskoefficienten f61 
provet som absorptionsparameter, blir kalkylen ocksa enklare och 6ver: 
skadligare an Klugs och Alexanders. 

Foljande forutsattningar giiller for nedanstaende berikningar. Pro 
vet maste vara tillrickligt tjockt fér att ge maximal diffraktion fé 
alla vinkellagen. Den erforderliga tjockleken varierar naturligtvis me 
absorptionen. I praktiken skall den vara minst nagon tiondels milli 
meter. Provet maste vidare vara en homogen och finkornig blandning 
av de ingaende faserna, sa att man kan forsumma mikroabsorptione! 
och extinktionens inflytande. Mikroabsorptionen dr den absorptiol 
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om sker inuti en kristall i samband med diffraktionen. Extinktionen 
ren forsvagning, beroende pa en interferens mellan inkommande 
rimarstrale och diffraktionsstralen. 


AX 
Pp 


Diffraktion fran ett volymselement vid punkten P pa avstandet x 
ran. ytan. 


eteckningar: 

A = Tvarsnitt av inf. strale 

I, = Pa provet inf. intensitet 

6 = Diffraktionsvinkel 

f@ = Medelabsorptionskoefficient 

f; = Volymdelen hos i:te komponenten 

‘F,, = Flux fran i:te komponenten vid diffraktionsvinkeln 6 


a, = Bestralad yta vid vinkeln 6 


ifallande intensitet vid punkten P = I, esioy 
itensiteten hos diffraktionen i punkten P = K,, f, I, ata i 


luxet fran volymselementet a,dx ar dF,,(x) = K,,f, I, @ sin 4 a, Ax 
1, Ky fA 


ttegrering mellan o och oo ger Fy, = . 


(1) 


Av formeln framgar, att fluxet ar proportionellt mot resp. fas’ 
meentration. Pa basis av ekvation (1) kan man diskutera olika mdjlig- 
ter att géra kvantitativa analyser. 


a. En direkt matning av fluxet. 

b. Berikning av absorptionen och korrigering. 
e. Matning av absorptionen och korrigering. 
1. Interna standardmetoden. 


z. En direkt avsittning av halten som funktion av fluxet har endast 
srinsad anvandning. Endast nar absorptionen ar lika, som exempelvis 
-kvarts och kristobalit, erhalles ett linedrt samband. 

». Metoden med berakning av absorptionen har utférts av nagra 
kar (3). De har rapporterat fors6k att berakna absorptionen och géra 
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korrektion av fluxvairdena. 1 kanda blandningar aven med stor 
skillnad i absorption erhélls goda resultat, tabell 1. 


Tabell 1 
Analyse kiinstlicher Mischungen (CuK,-Strahlung) 


(A = analysiertes Mineral, M = verdiinnende Substanz) 


Xa 
A M pa pM a Eat bad |. 
waage | stimmt | 
Quarz Thlit 35,0 43,0 1,23 0,265 0,285 
Quarz Montmorillonit 35,0 33,1 0,95 0,275 0,275 © 
Quarz Kaolinit 35,0 30.8 0,88 0,780 0,790 | 
Thlit Quarz 43.0 35,0 0,81 0,245 0,235 § 
Montmorillonit Quarz Sol. 35,0 1,06 0,240 0,245 | 
Montmorillonit Tit oan 43,0 1,30 0,250 0,300 | 
Montmorilionit Kaolinit Stemi) 30,8 0,93 0,750 0,745 
Kaolinit Quarz 30,8 35,0 1,14 0,220 0,230 
Kaolinit Thlit 30,8 43,0 1,40 0,250 0,290 |) 
Kalzit Quarz 75,6 35,0 0,46 0,240 0,230 | 
Siderit Quarz 162,0 35,0 0,218 0,750 0,740 
Pyrit Quarz 200,1 35,0 0,175 0,750 0,760 
Goethit Quarz 208,1 35,0 0,168 0,250 0,225 
Orthoklas Quarz 48,8 35,0 0,718 0,710 0,730 © 


sikt over forekommande faser och direfter korrigerar fluxvardena 
med det beréknade absorptionsvardet. Ur analyskurvan far man da 
ett forsta varde. Med ledning hirav korrigeras fluxvardena ytterligare. | 


édande och dven i rutin fordrar skolad arbetskraft, ar den behiiftaé 
med risker. Om provet bestar av manga faser, sa kanske inte kanslighe-’ 
ten tillater en identifiering, och man kan da erhalla felaktiga absorp 
tionsvarden, och det viarsta dr att misstaget ofta ar svart att upptiacke 

c. Idealet borde vara att pa nagot sdtt mata absorptionen i de 
aktuella provet. Enligt forutsdttningarna for den beraiknade relatione 
mellan flux och absorption skulle provet vara sa att saga oandligt tjock 
for den stralning man anvinder. Det ar uppenbart, att miatningel 
inte kan utféras pa samma preparat och med samma vaglingd, sol 
man anvander for diffraktion. Man kan da tanka sig tva mdjlighete 


1) Anvandning av samma stralning som vid diffraktion och ett tunna 
preparat av provet. 


2) Anvéndning av annan vaglingd och korrektion till den anvanda vas 
langden enligt relationen = F(A3). 
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Det férsta alternativet faller pa svarigheten att praktiskt genom- 
‘Ora det. Man maste ga ner till tjocklekar av storleksordningen nagon 
aundradels millimeter och det ar svart att genomfora pa ett definierat 
itt. Aven om man lyckades hirmed, blir intensiteten for den diskreta 
tralningen mycket liten, da man maste ta ut den via en kristall for att 
liminera den kortvagiga, kontinuerliga stralning, som ju har en férhal- 
andevis ligre absorption. 

Det andra alternativet ar daremot praktiskt mojligt och har ocksa 
fenomforts i praktiken (4). Man anvander sig darvid av en sa kortvagig 
tralning som médjligt och placerar filter i primarstralningens vag, 
a att intensitetsmaximum forskjuts si nara den teoretiska gransen 


he ae 

= Sy som mojligt. 

Korrektionssambandet s = F(A) giiller endast mellan tva absorp- 
ionsdiskontinua. Detta gor, att vid anvandning av exempelvis Mo- 
tralning for absorptionsmatningen och Cu-stralning for diffraktionen 
rovet inte far innehalla element fr. 0. m. atomnummer 28 t. 0. m, 39. 
sortsett fran denna begransning har man vid praktiskt arbete i regel 
nte tillgang till mer an en typ av stralning at gangen, vilket gor att 
netoden inte ar allmant tillampbar. 

d. Varken beraékning eller matning av absorptionen kan enligt 
vanstaende liggas till grund for den praktiska analysen. Kvar star 
en sista av de metoder, som angavs for att eliminera absorptionen. 
v den grundlaiggande formeln framgar, att kvoten mellan tva diffrak- 
onslinjer ar oberoende av absorptionen. Detta ar grunden fér den 
_k. interna standardtekniken. Man avsatter allts& kvoten mellan hal- 
na for tva faser i provet som funktion av motsvarande fluxkvoter. 
raktiskt gar det till sé, att man forst etablerar en standardkurva, 

ex. fér kvarts, med anvindning av magnesiumoxid som intern 
andard, sa att man har en serie olika viktskvoter ay resp. faser. I det 
pekanta provet tillsittes sedan en viss kind mingd magnesiumoxid. 
ed de uppmatta fluxkvoterna pa standarderna och de kinda haltfor- 
illandena konstrueras analyskurvan. Med den uppmitta fluxkvoten 
4 ett obekant prov erhalles ur analyskurvan haltférhallandet. Efter- 
m i det valda exemplet magnesiumhalten var kand, erhalles dirmed 
vartshalten. Man kan med ett visst berattigande fraga sig varfor andra 
etoder for absorptionsfaktorns eliminering behandlats, da det ges 
1 si enkel metod. Svaret adr att introduceringen av ytterligare en 
ymponent i ett prov har sina nackdelar. Provet spades ut och darige- 
ym minskas kansligheten. Felet kan 6kas genom att jamforelsefasen 
te blir homogent férdelad och under alla férhallanden 6kas matfelet 
nom att resultatet ar en funktion av matningar pa tva faser. Men 
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aven-med dessa begrénsningar ar interna standardmetoden klart 6ver- 
lagsen alla de andra skisserade metoderna. 

Absorptionen dr en av de systematiska felkallor som maste be- 
mistras. En annan sadan felkilla sammanhaénger med partikelstor- 
leken. 


Partikelstorlek. Att partikelstorleken inte kan vara vilken 
som helst inses ju klart om man betraktar de extrema fallen. Om det 
endast ar nagra fa, ytterst stora partiklar av en fas sa blir felet stort, 
aven om dessa aro homogent férdelade, beroende pa att variationen ay 
det antal partiklar, som befinner sig i gynnsamt lage, ar liten. A andra 
sidan far ju inte partiklarna vara sa.sma att de narmar sig det kolloidala— 
tillstandet. Partiklarna skall allts4 ha en viss finhet for att ge ett stérre — 
antal diffraktionslagen. Det finns aéven andra faktorer, som ar av- ~ 
hangiga av partikelstorleken. Om partiklarna ar relativt stora en- 
kristaller, sker en férsvagning av diffraktionen pa grund av interferens — 
mellan den infallande och utgaende stralen, s. k. extinktion. Vidare far 
man inflytande fran mikroabsorptionseffekter i kristalliterna. Hur — 
sma maste da partiklarna i praktiken vara? Tabell 2. it) 


Tabell 2 


(Tabulated values are areas in arbirary units of the 3,34 A maximum as counted with the 
Geiger-counter x-ray spectrometer using Cu Ka-radiation). 


15—50- 5—50- 5—15- 


pg micron micron micron Mie ne 
: Fraction | Fraction | Fraction Ss dy sr 
ah 7 612 8 688 10 841 11 055 
2 8 373 9 040 11 336 11 040 
3 8 255 10 232 11 046 11 386 
4 9 333 9 333 11 597 11 212 
5 4 823 8 530 11 541 11 460 
6 11 123 8 617 11 336 11 260 
7 11 051 11 598 11 686 11 241 
8 Dive 7818 11 288 11 428 
9 8 527 8 021 11 126 11 406 
10 10 255 10 190 10.878 11 444 
Mean area: 8 513 9 227 11 268 11 293 
Mean deviation: 1 545 929 236 132 
Mean percentage 
deviation: 18,2 10,1 2,1 NY 


I denna tabell fran Alexander och Klug visas hur spridningen pa 
verkas av partikelstorlekarna. Som en tumregel kan sigas, att partike 
storleken bér vara mindre an 5 yu for att de fel som harror fran partike 
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Fig. 1. Roterande preparathillare. 


orleken bor ligga under 1 %. I det har sammanhanget bor ocksa 
nienteringseffekten némnas. Denna paverkas av partikelstorleken. Det 
p ju sjalvfallet sa att man i preparatet maste férsdka fa alla partiklar 
atistiskt oordnade. Sannolikheten harfér ar stérre, ju stérre antal 
artiklar man har och ju mindre dessa partiklar dro. Orienteringseffek- 
nm kan ocksa paverkas av prepareringen. 

Preparering av provet. Som tidigare framhallits, maste 
irtikelstorleken vara tillréckligt liten och orienteringseffekterna i 
Ojligaste man elimineras. Provet blandas med den interna standarden 
h rives sedan for att passera 325 mesh. Provet rives sedan ytterligare, 
Ist med aceton, i en agatmortel i minst 15 minuter. 
Rontgenapparaten kan utrustas med tva typer av preparathallare, 
-stationaér och en som medger rotation av provet 1 dess eget plan. 
Vid anvandning av stationaér preparathallare tillampar vi ett pre- 
reringsforfarande, som ar en forbiattring av det som beskrivits av 
L. Mc Creery (5). Preparathallaren bestar av en aluminiumram med 
; rektangulart hal. Ramen fastes pa en ren glasskiva med nagra drop- 
r vax i varje horn. For att uppdela flagor, som eventuellt kan fore- 
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C 
Fig. 2. Stationiir preparathallare. 


} 
; 
; 
i 
; 
J 
‘ 


komma, siktas provet genom en grov sikt ned i halet 1 aluminiumramen, | 


val packat, pressas det litt med spatelns bredsida, varefter en litem 
glasbit faistes med vax sa att den ticker provet. Provet dr sedan fardigt 


ramen och provet ar fardigt att monteras pa goniometern. Packningen ay 
provet med spateln pa hogkant avser att minska orienteringseffekten. 

For den roterande preparathallaren, som ar avbildad i fig. 1 anvandes 
ett enkelt verktyg enligt fig. 2c. Preparathallaren utgéres hir av em } 
aluminiumcylinder med botten. Vid prepareringen pressas aluminium - 
cylindern in i den cirkulaéra forsinkningen i plastramen och genom } 
dppningen i plastramen tillfores provet och packas. Vi har konstaterat 
mindre orienteringseffekter med denna enkla anordning in med ett 
direkt inforande av provet i den dppna cylindern. 

For kvantitativa mitningar ar naturligtvis preparathallaren, som 
kan roteras, att foredraga framfér den stationaéra, d& man erhaller ei 
forbattrad statistik. 

Hittills har vasentligen systematiska felkillor behandlats. I det fdl 
jande ges nagra synpunkter pa de statistiska felen. 


Matning. Pa grund av réntgenstralarnas random karaktar 


standarddeviationen i n counts Van, Detta ar den valkanda relatione 
for en signal med endast random variationer. Nar man integrerar Ové 
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on diffraktionslinje kanske man stiller sig fragan, om samma relation 
aller mellan totala antalet counts och standarddeviationen, nir in- 
ensiteten varieras systematiskt med diffraktionsvinkeln 0. Varje 
ie fluxvarde F; har standarddeviationen V F; och variansen ir 
aledes F;. Eftersom varianserna kan summeras dr den totala variansen 
#, och lika med det integrerade antalet counts. Féljaktligen  giller, 
iven nar antalet counts systematiskt dndras, att standarddeviationen 
ir \F,. For att ett matvardes statistiska fel skall ligga under 1 % 
maste det vara baserat pa minst 10 000 counts. 

I praktiskt arbete kommer visentligen tva metoder ifraga for att 
ippskatta en diffraktionslinjes intensitet, antingen integration eller 
naétning av toppvardet. 

_ Matningen kan i bada fallen utféras antingen med registrering eller 
ned mekaniskt rakneverk. 


Nar man anvander sig av registrering ar det statistiska felet en 
unktion av bade antalet counts och av anvand tidskonstant. Tids- 
constanten dkar statistiken med faktorn ¥2RC och det kan darfor fére- 
alla fordelaktigt att anvanda sig av lang tidskonstant. Man miaste 
mellertid komma ihag att konventionella skrivare behéva ungefar en 
id av fem ganger tidskonstanten for att komma till jamvikt efter en 
létslig andring. Det har visat sig, att det vid Norelco-apparaturen 
nte ar limpligt att anvanda hégre tidskonstant dn 4 sek. 

Bade for integrering och matning av toppvarden féredrar vi att 
nvénda det mekaniska rikneverket av féljande skal. Nar man inte- 
rerar ar det svart att pa ett korrekt saitt utvardera ytan under linje- 
rofilen pa ett skrivardiagram. Om man mater toppvarden, kan det 
jrefalla praktiskt att anvanda skrivaren. Svarigheter upptrider 
mellertid da det giiller att géra bestémningar med en pa forhand be- 
amd statistisk noggrannhet. For svagare linjer maste linjetoppen 
latas upprepade ganger for att garantera tillrackligt antal counts. 
far man anvander det mekaniska rakneverket for toppvardets bestim- 
ing pa sa sdtt, att tiden mites for ett bestéimt antal counts, erhaller 
lla matvairden samma statistiska precision. Vidare har skrivaren ett 
1 av atminstone 0,5 % som adderar sig till det statistiska felet. 

Nar det gialler att valja mellan att anvanda sig av toppvardet och 
st integrerade vardet foredrar vi att anvaénda toppvardet sa ofta det 
- mojligt. Skalet hairfor ar att det ar enkelt att utfora matningarna 
ed en fixerad precision. Vidare ar risken for inflytande fran koinci- 
rande linjer mindre. Dessutom fa vi pa det satt vi utfor matningarna 
| samtidig noggrann vinkelbestémning. Om nagon signifikant forskjut- 
ng visar sig, utgoér detta en varning for att stérningar foreligger. 
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Toppvirdet bestémmes genom mitning pa ett antal punkter kring 
toppen. Antalet och avstandet mellan punkterna bestémmas av toppens 
form. 

Det bér podngteras, att toppvarden inte kan anvandas om linjepro- 
filen inte ar densamma fran prov till prov. Det mest korrekta séttet— 
ar under alla férhallanden en integrering. I praktiskt arbete blir det 
emellertid ofta en kompromiss mellan det teoretiskt basta och det 
praktiskt limpliaste. 4 


Tillampningar. Ett stort antal bestimningar av kvarts 1 
gruvdamm har utforts. Kannedomen om kvartshalten ar av betydelse _ " 
fér bedémning av eventuella silkosrisker pa olika arbetsplatser. I detta i | 
fall har MgO anvants som intern standard. (dg;5, = 3.34 A; Ay:00 =a 

2.106 A. Cu-anod). u 

Bees saan stie carotey i en enkelbestiimning var 4 %. Hi 

Med anviéndning av samma interna standard har magnetithalten it 
slagger bestémts. (dp..o, = 2,53 A. Co-anod.) 

I zinkrostgods ar det av intresse for studier av rostningsforlopp att 
kunna studera zinkferritbildningen. I detta fall tillsattes ingen intern ~ 
standard till provet utan en zinkferritlinje mattes mot en zinkoxid- 
linje. Skilet var-att zinkoxidhalten litt kunde bestimmas med kemiska _ 
metoder och det for dvrigt var énskvirt att géra sadana noggranna 
bestémningar av zinkoxiden. 

Det kanske ar vart att understryka att éven vinkelbestémningar dro” 
kvantitativa bestimningar i den meningen att de fro baserade pa — 
mitningar av fluxvarden. Hur pass stort vinkelfel man gor dr en funktion 
av bl. a. fluxvardets precision. Diarfér kommer é6vervaganden om de 
statistiska felen in dven i detta fall. Direkt praktiskt patagligt ar det 
vid studier av kantlingdsindringar, men det ar ocksd a4tminstone vid 
besvarlga identifieringsproblem vart att halla i minnet. 


ia} 


| 
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_ Naturlige og Kunstige Leirers Skjerfasthet 
Av 


Ivan Tu. RosEenevist? 


Abstract: The shear strength of natural and artificial clays is dealt with. The Nor- 
vegian clays are classified into four groups. : 
I. Normally consolidated marine clays, in which the pore water has a high salt content. 
the shear strength is proportional to the consolidation pressure and is zero for zero con- 
olidation pressure. 
If. Clays from group I in which the salt content of the pore water has been lowered 
9 less than 10 g/1 pore water. The shear strength is lower than for group I under the same 
ee setion pressure, and the sensitivity is much higher. The quick clays belong to 
S group. 
II. »Weathered clays». Here two different processes of weathering are distinguished, 
ne described as a hydrolysis and the other as an oxidation process in which mica changes 
) montmorin minerals. This group has a high shear strength. 

IV. Reconsolidated clays of group II. The disturbed clays of group II have lost a great 
eal of water at the reconsolidation. The shear strength is a function of the consolidation 
ressure, and this function is about twice that for group I and four times that for group II. 


Clays belonging to all four groups have been synthesized from artificial sediments. 


De skandinaviske ungkvartewre marine leirer kan deles i fire grupper, 
ver med sine karakteristika. Til en viss grad finnes det mellomformer 
1ellom enkelte av disse grupper. 

Gruppe I omfatter de normalt konsoliderte saltvannsleirer som ikke 
ar vert utsatt for vitring eller utlutning. Dersom disse leirer har ens- 
‘tet kornfordeling og ensartet mineralogisk sammensetning ned gijen- 
om et profil, vil skjzrfastheten tilta regelmessig med effektivt konso- 
leringstrykk. En linje trukket gjennom skjerfasthetsverdiene vil gi 
1 0 skjerfasthet for 0 konsolideringstrykk. Okningen av skjerfast- 


c 
ten med trykket uttrykkes med verdien i Denne verdi er for vanlige 


yrske leirer av gruppe Ii alminnelighet mellom 0,15 og 0,30. Leirene av 
uppe I er karakteristiske ved relativt hoyt vanninnhold og ved normale 
astisitetsforhold. Pa grunn av héyt innhold av inaktive mineraler i 
ifraksjonene faller disse leirer i gruppen »inactive clays» etter Skemp- 
n. 
Gruppe II omfatter leirene fra gruppe I etter at de har vert utsatt 
r en utlutning, hvorved porevannets saltinnhold har avtatt betrakte- 
; 1 et hvert tilfelle til verdier lavere enn ca. 10 g salt pr. liter porevann. 
ider denne prosess dissosierer leirmineralene i en viss utstrekning. 
» far vesentlig hdyere elektrisk overflate potensial og virker folgelig 
nsidig frastétende pa hverandre. Disse leirer er karakteristiske ved 


: Autoreferat av foredrag i Svenska foreningen for lerforskning, *8/,, 1955. 
> Norges geotekniske institutt, Oslo. 
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hoye til meget hye sensitivitetsverdier og merkbart lavere skjerfasthet 
enn leirene i gruppe I, under forutsetning av like konsolideringstrykk, 
Plastisitetsgrensen er ikke vesentlig forskjellig fra leirene 1 gruppe I, 
men flytegrensen har sunket merkbart som félge av utlutningen. Vann- 
innholdet er det samme i de kvikke og de ikke kvikke leirer, under 
forutsetning av like konsolideringstrykk og ensartet kornfordeling 
og mineralinnhold. 

I gruppe III faller de marine leirer som har vert utsatt for andre 
kjemiske endringer enn den enkle utlutningsprosess. Med et felles navn 
kaller vi disse prosesser for »vitringsprosesser>, og de leirer som har 
vert utsatt for vitringsprosessene kaller vi »de vitrede leirer». 

Det synes som om vitring med fordel kan deles i to grupper. Den ene 
er den rene hydrolyse, hvorved f. eks. muskovitt omdannes til hydronium 
muskovitt (illitt) og kalium hydroksyd. Denne prosess krever ikke til ~ 
gang pa oksygen. Den kan derfor forega ned gjennom hele leiravset- | 
ningen. Prosessen er sterkt temperaturavhengig og, savidt vi kan skj6n- — 
ne, forholdsvis langsom, slik at den serlig kan vere virkningsfull ved 
meget finkornige leirer. Prosessen virker til 4 heve flytegrensen og til a 
heve skjerfastheten av en allerede konsolidert leire. Vanninnholdet — 
endres ikke. Pa grunn av disse prosesser vil man fa inntrykk av en 
»utgangskohesjon». Dersom man legger en linje gjennom skjerfasthets- 
verdiene i et leirprofil og trekker denne linje opp til 0 konsoliderings- 
trykk, vil linjen ende ved en verdi som representerer en endelig skjar- _ 
fasthetsverdi. Man kan si at hele skjzrfasthets- og konsohdenns a 
linjen fra leire I er parallelt forskjévet. 

I den éverste del av leiravsetningene og der dyptgaende sprekker — 
eller rotrér forekommer, har leirene undergatt vesentlig viktigere vit-— 
ringsprosesser. Disse vitringer er avhengig av tilférsel av oksygen og _ 
kan sammenfattes under betegnelsen »oksydasjonsvitringy. Den sikalte | | 
torrskorpe som dekker de vanlige svenske og norske leirer, men som er 
ukjent i Danmark og Mellom-Europa representerer en slik oksydasjons- | 
vitring. Vitringen synes 4 gi seg uttrykk i at trioktaedriske glimmere | 
omvandles til trioktaedriske montmorillonoide og til dioktaedriske © 
glimmer, samt at dioktaedriske glimmer kan omdannes til montmorillo- | 
noide. Vitringsprosessenes detaljer er ikke klarlagt, men deres virkning © 
er preget og forer til meget sterk dkning av leirenes skjerfasthet uten — 
nédvendigvis 4 medfore minskning i vanninnholdet. Flytegrensen stiget 
sterkt; utrullingsgrensen noe mindre. Leirer tilhérende gruppe II er 
derfor karakterisert ved meget héy skjeerfasthet, normalt vanninnhold 
og forhéyet plastisitet. P& grunn av skred hender det at leirer fra 
gruppe III blir bragt ned pa stérre dyp og der finnes omgitt av leirer fra 
eruppe II. De eri alminnelighet lett kjennbare pa grunn av den oksyderte | 


‘teh tele 1 SVENSKA FORENINGEN FOR LERFORSKNING 143 


stand med brune og gule flekker og utfelte jernoksyder. Tidligere har 
an ofte antatt at alle faste leirlag pa store dyp tilhérte denne gruppe. 
en mengde tilfelle har man imidlertid leirer tilhérende gruppe IV. 
nne gruppe var tidligere ukjent. 


cee IV omfatter de omrérte og rekonsoliderte leirer av gruppe II. 
tsom en kvikkleire omrores pa grunn av skredvirksomhet, danner den 
ilminnelighet en tyntflytende suspensjon. Ved konsolidering av denne 
irsuspensjon gir den fra seg store vannmengder og man oppnar derved 
rekonsolidert sediment, hvis fasthet er avhengig av konsoliderings- 
ykket. Disse leirer har de samme plastisitetsforhold som leirene av 
uppe II, men de har vesentlig lavere vanninnhold og lavere sensitivitet 
, Samme mate som leirene i gruppe I og III. Skjerfasthetene er en 


C 
nksjon av konsolideringstrykket, men multiplikasjonsfaktoren . 


vesentlig hoyere enn i gruppe I og IT. Som en antakelig verdi kan man 


¢ c 
Be for leirer av gruppe IV = to ganger ; for leirer i gruppe I og = 


e ganger 7 for leirer av gruppe II. 


Ved hjelp av laboratorieforsék utfért pa kunstig sediment fremstilt av 
turlige leirmineraler svarende til gjennomsnittlige dstlandsleirer har 
ges Geotekniske Institutt kunnet vise at leirer tilhérende alle de fire 
ipper lett lar seg syntetisere. 


agra undersédkningar Over snabbmetoder fér 
bestémning av lerors flytgrans 


Av 


Sven FREDEN? 


: The usual method of determining the liquid limit is rather laborious. During 
iow eae some simplifications of this method have been devised. These modified 
hods are briefly described in this report as well as some experiments concerning the 
ion between flow index and the content of organic material. } 

he report also in some details deals with one of the above mentioned methods, the 
uled »one point methods». This variation has been tried on Swedish clays. The accuracy 
s to be good, but further investigations will have to be made before the method can 
sed in routine analyses of Swedish soils. 


Peredrag i Svenska foreningen for lerforskning */,, 1956. 
Statens vaginstitut, Stockholm. 
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Bestamning av flytgrans géres numera allmant enligt den variant ay 
den ursprungliga Atterbergska metoden, som foreslagits av Casagrande 
1932 (1), och som standardiserats av ASTM och AASHO (2). De vike” 
tigaste forindringarna som inférts av Casagrande 4r: 1) slagen astad- 
kommes med en speciell apparat, 2) vattenhalt och slagantal bestammes 
vid minst tv olika slagantal beligna pa 6mse sidor om flytgransen, . 
Vardena inféres i ett koordinatsystem med axlarna: 1) vattenhalt och 2) | 
logaritmen for slagantalet. Funktionen: log slagantalet = f (vattenhal - 
ten) uppritas och flytgrénsen erhalles som vattenhalten vid skarnings - 
punkten mellan denna linje (nedan kallad flytkurva) och linjen for slag- - 
antalet = 25. 

Den har skisserade metoden har vunnit allmant fortroende, ‘consi 
framfor allt darfor att den reducerar den personliga faktorn i hég grad. . 
Den dr emellertid tidsédande och darigenom dyrbar, varfér mani 
- under de senaste aren forsokt andra den sa, att man med bibehallande : 
av dess férdelar skulle kunna nedbringa arbetstiden. 

Den metod, som darvid synes ha de stérsta forutsittningarna for att t 
lyckas, bygger pa foljande resonemang. . 

En flytkurva definieras av 1) en punkt pa kurvan, 2) kurvans lutning, 
Som ett matt p4 lutningen anvandes vanligen flytindex (flow index) 
definierad enligt Casagrande som »the variation in moisture content} 
corresponding to the cycle between 10 and 100 blows». Om en punkt i/ 
diagrammet fastlagts och om ae for punkten ifraga ar kant kan 


sitt kan bestiimma flytindex racker det salunda ied en eo AY |) 


lees slagantal och vattenhalt. Vanligen be- | 
nimnes en metod enligt ovanstaend 
S*/00 princip for enpunktsmetod (one poin 


method). 

En foérutsittning for »enpunktsmeto- 
den» dr uppenbarligen att man kan finna 
ett funktionssamband mellan flytindext 
och nagon annan limplig variabel, ex 
empelvis flytgriinsen eller halten av or- 
ganiskt material. Fér att den efterstra: 
vade minskningen i arbetet skall komr 
till stand, maste denna variabel antingen 
kunna bestémmas helt utan extra arbet 
eller 4tminstone med mindre arbetsinsé 


Fig. i. Beraikning avy flytgriins s ers Z 
med hjilp av Pe A) och 4n vad som atgar for att gdra en bestia 


en punkt (W,, ning av slagantal och vattenhalt. 
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Redan ett flyktigt studium av ett antal flytkurvor for material med 
lika flytgréns, visar att med hogre flytgrans foljer diven i allmanhet ett 
ogre flytindex. Det ar detta samband, som anvants vid den praktiska 
iulémpningen av ovan skisserade enpunktsmetod. 

Fig. 1. aterger metoden grafiskt. Med hjalp av figuren kan diven latt 
sas att beriknandet av flytgransen representeras av nedanstaende 
kvation: 


log 95 


Wo=W.+F.- 


: log 10 
rarvid 


W, = flytgransen, 

W, = vattenhalten vid slagantalet § 
F = flytindex, 

S = slagantal. 


d 


Av ekvationen framgar att W, kan betraktas som summan av tva 
rmer: 1) den direkt uppmatta vattenhalten W,, 2) ett sammansatt 
ttryck, vilket ar relativt litet om S ej avviker alltfor mycket fran 25. 
etta uttryck kan betraktas som en korrektion, applicerad pa W,. 
Aven om de publicerade yenpunktsmetoderna» alla bygga pa en och 
mma princip, skiljer de sig i det praktiska utférandet ratt betydligt. 
Cooper och Johnson, vid Washington State Highway Department, 
ir for rutinprovning utarbetat en metod kallad »The chart method) (3). 
ett diagram log S versus W Ar ett antal »typiska» flytkurvor inritade 
ig. 2). I detta diagram kommer férsdksvarden fran en bestimning av 
uttenhalt och slagantal att motsvaras av en punkt. Genom denna 
ages en flytkurva, parallell med narmaste »typiska» sidan. Ur den 
ypritade kurvan erhalles flytgriinsen W, som vattenhalten vid skir- 
ngspunkten mellan kurvan och linjen 8 = 25. 

Vid Bureau of Public Roads, USA, har Olmstead och Johnston vidare- 
vecklat foregaende metod (4). Som synes av fig. 2 kan man med viss 
proximation antaga att samtliga »typiska» flytkurvor konvergerar 
at en punkt belagen pa ordinatan. Dessa idealiserade flytkurvor kan 
iskrivas i matematisk form och fodljande ekvation erhalles for flyt- 
insen: 
a Ww. 
~ 1,419 —0,3- log S 


Wo 


Denna ekvation léses numeriskt genom en speciell skala, ingraverad 
‘léparen till en vanlig raknesticka. 
Hn nagot annorlunda princip anvandes i den metod, som framlagts 
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NUMBER OF BLOWS 


AS L/QU/D 
L/M/T 


10 20 30 40 50 60 70 80 90 100 110 q 
MOISTURE CONTENT - PERCENT 


Fig. 2. »Typiska» flytkurvor enligt Cooper och Johnson, 
} 
av Corps of Engineers, Waterways Experiment Station, Mississippi (5). 
Forséksvardena prickas hiir in i ett diagram med axlarna log W och log. | 
Punkterna forenas pa vanligt sétt med en rat linje. Det visar sig att 
dylika linjer, representerande olika prover fran samma geologiska om- + 
rade har samma lutning. Ur detta forhallande deduceras sedan ek- 4 
vationen 

/ g \ 0,21 

w= W.(55] 


ur vilken flytgriénsen kan berdknas. 

Da det skulle vara av ett visst intresse att undersdka, huruvida en! 
forenkling av metodiken enligt de principer som tidigare redogjorts f | 
skulle vara mojlig aven for svenska forhallanden, har en sammansta 
ning gjorts av analysmaterial fran Statens geotekniska institut. Vid 
Statens vadginstitut har systematiska forsék utforts for att belysa sam 
bandet mellan flytindex och nagra andra variabler, sisom halt av ler! 
och organiskt material. 

I diagrammet fig. 3 har materialet fran geotekniska institutet in} 
lagts. Genom att som abskissa sitta logaritmen fér vattenhalten kan} 
den sdkta funktionen, F = f(W), inpassas i punktskaran som en tf 
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af a oT T T T 5 inne = T -_ 
15 20 30 40 50 od 70 80 390 100 125 140 161 181 200 Wo 


fig. 3. Relation mellan flytindex och flytgrins for svenska leror. Den starkt uppat- 
béjda, punktstreckade linjen ar motsvarande kurva enligt Cooper och Johnson. 


inje. Det redovisade materialet harstammar fran ett antal lokaler i 
Mellansverige och kan ej anses representativt for hela landet eller kanske 
ms for en viss del. Vad som har framligges maste betraktas som ett 
orsta forsék, som om det visar sig lovande, bor utbyggas med betydligt 
torre material. 

Pa fig. 3 har 4ven motsvarande amerikanska kurva inritats. Denna dr 
onstruerad med utgangspunkt fran Cooper och Johnsons diagram 6ver 
typiska» flytkurvor. Som synes avviker den amerikanska kurvan starkt 
ran motsvarande svenska kurva. 

De streckade kurvorna 1 diagrammet avser att askadliggéra sprid- 
ingen hos det anvanda primarmaterialet. Varje punkt motsvarar ju 
tt prov med ett visst vairde pa flytgransen, vilket bestéimts enligt 
anlig metod. Man kan, som ovan visats, antaga att flytgrinsen ar en 
inktion av F och W. Om man giver slagantalet S ett visst varde §, 
3, + 25), kan man ur den givna flytkurvan bestémma vattenhalten for 
1 punkt pa kurvan med S = §,. Har Ar §, satt till 38, da detta giver 
aximal avvikelse (se nedan) inom de givna granserna slagantalets 
ariation, vilka fixerats till 38 resp. 16. Fran den erhallna punkten 
an ett varde pa flytgransen beriknas med hjalp av det varde pa flyt- 
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Fig. 4. Kornsorteringskurvor for prover anvinda vid bestimning av flytindex mm. 


index F, som avlises for den aktuella vattenhalten pa kurvan fig. 3. 
Uppenbarligen erhalles pa detta satt ett varde pa flytgransen, vilket 
kommer att skilja sig fran det primiira, sa snart det »verkliga» flytindex _ 
(ur den ursprungliga flytkurvan) och flytindex enligt fig. 3 e] samman-_ 
falla. Linjerna anger nu mellan vilka granser flytindex F kan variera — 
utan att differensen mellan de tva flytgranserna skall bli stérre an 1 % | 
av flytgrinsen. Med andra ord: punkter belaégna mellan de streckade 
linjerna representera prov vars flytgriins a4ven under ogynnsamma om= | 
stindigheter skulle kunna ha bestdémts enligt enpunktsmetoden utan | 
att felet skulle ha déverstigit 1 % av flytgransen. " 

De publicerade uppgifterna rorande flytindex ar tyvarr mycket fi 
taliga. Déremot har man sedan linge intresserat sig for plasticitetstalets 
samband med humushalt, lerhalt, maingd lermineral och deras natur | 
m,m. Ett nara samband mellan plasticitetstal och flytindex férefaller | 
ganska rimliet. Bada talen definieras som differensen i vattenhalten vid | 
tva olika konsistenser. Bland annat for att eventuellt mojligg6ra att | 
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Fig. 5. Resultat av fors6k utforda med de pa fig. 4 visade proverna. 


Indersékningarna Over plasticitetstalet _kunde utnyttjas 1 detta sam- 
hanhang, gjordes nagra forsok vid vaginstitutet med »konstgjorda» 
brdprover. Dessa férsék avsag ej att ge nagon fullstiandig bild av flyt- 
dex’ relationer till évriga egenskaper hos ett jordprov, utan endast 
Itt ge ett svar pa foljande tva fragor: 1) hur skall den stora skillnaden 
kellan den amerikanska och svenska funktionen F = f(W) forklaras, 
) foreligger nagot entydigt samband mellan flytindex och plasticitets- 
1? Kornstorleksférdelningen hos de anvinda jordproverna framgar av 
> 4. Till dessa 7 rena mineraljordar sattes naturfuktig mulljord 
nullhalt 45 °%), si att halten organiskt material kom att uppga till 
1 8 vikt-%. 
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Fig. 6. Resultat av forsék utférda med de pa fig. 4 visade proverna. 


Pa samtliga prover bestiémdes flytgriins, utrullgraéns, flytindex, 
glédgningsforlust och plasticitetstal. Resultatet av forséken framgar | 
av fig. 5 och 6. Svaret pa de tvé ovan framstiillda fragorna maste nog 
bhi att den férsta fragan annu icke kan besvaras och att den andra kan 
besvaras med nej. De héga vardena pa flytindex, som amerikanarn 
redovisar skulle kunna bero pa en genomgdende hogre mullhalt hos dera 
prover, en forklaring, som dock knappast verkar sirskilt sannolik 
Man far nog snarare tiinka sig en skillnad i arten av lermineralen mella: 
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e har anvanda svenska lerorna och de amerikanska. Vissa preliminara 
ndersékningar tyda aven pa att sa skulle kunna vara fallet. 
Den andra fragan, som férsdéken avsag att ge svar pa, kan vara vard 
tt behandlas nagot utférligare. I stort sett tycks man vara ense om att 
oo ar en funktion av lerhalten. Russel, Baver m. fl. anse 
bt ett linjart samband existerar, medan daremot Veer och Atterberg 
oser att sambandet ndrmast kan betraktas som en log-funktion. En 
kning av mangden organiskt material anses allmant hdja bada Atter- 
ergska granserna med samma belopp, varigenom plasticitetstalet blir 
beroende av humushalten. Som forklaring till detta anfor Baver: 
[he causes of this decided lowering of the plastic limits on the moisture 
ale, without a really significant effect upon the plasticity number, 
re readily understood on the basis of the film theory of plasticity. 
rganic matter has a high absorptive capacity for water. Hydration of 
1e organic matter must be fairly complete before sufficient water is 
vailable for film formation around the mineral particles. Consequently, 
1e lower plastic limit occurs at relatively high moisture contents. After 
1¢ films are formed, however, practically all the additional moisture 
inctions only to enlarge the films until flow is produced. The presence 
f organic matter has little effect on this type of water and, therefore, 
es not influence the plasticity number to any significant extent.» 
Skulle detta resonemang vara riktigt for ett s4 stort intervall som 
ellan utrullgrinsen och flytgrinsen, maste det dven gilla for det 
mforelsevis lila intervallet mellan vattenhalterna vid tva slagantal, 
ex. 15 och 38. Vattenhalten, saval vid det ligre som vid det hégre 
agantalet, borde 1 enlighet med ovan anférda resonemang 6kas med 
mma belopp, nir humushalten ékar. Detta skulle i sin tur innebira 
t flytindex skulle vara oberoende av humushalten, vilket ju visats ej 
ara fallet for det har redovisade materialet. Saledes maste aven den 
iférda forklaringen till plasticitetstalets oberoende av humushalten 
mnolikt vara felaktig. De har redovisade experimenten lamnar tyvarr 
tillrackligt underlag for framstallandet av nagon ny forklaring. 
Avy de foérsék, som har redovisats kan man dven dra den slutsatsen, 
t om man vill inféra den forenklade metoden for flytgrinsbestaémning 1 
verige, maste man grunda den pa ett med svenskt material vil doku- 
enterat funktionssamband: flytindex=f (flytgransen). For att 
iderséka i vad man den visade kurvan (se fig. 3) 6ver némnda funktion 
-anvindbar har den provats vid 104 st bestamningar av flytgransen. 
id val av tillvagagangssatt har man darvid énskat ha en sa direkt me- 
d som méjligt. Den enklaste metoden ar darvid att anvanda ett dia- 
am, ur vilket den korrektion erhalles, som skall adderas till vatten- 
Iten vid slagantalet S, for att man skall erhalla vattenhalten vid 


; 
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Fig. 7. Diagram fér korrigering av vattenhalt. 


slagantalet 25, dvs. flytgransen. Konstruktionen av diagrammet fram- 
gar av fig. 7. For att ytterligare forenkla anvandningen av metoden har 
diagrammet 6versatts till en tabell, som direkt ger ovannémnda kor- 
rektion (Tabell I). 

Vid de gjorda kontrollbestéimningarna har den hir visade tabellet 
anvants for bestémningar av flytgréns pa material huvudsakligen fran 
Sédermanland, Viskans dalgang samt Stockholms-trakten. Vid del 
bestaémning enl. enpunktsmetoden som utférts, anvaéndes det primi: 
siffermaterial som framkommit vid geotekniska institutets standard 
analyser. Detta utgéres av dubbelbestaémningar av vattenhalt och slag 
antal vid slagantal dels > 25 och dels < 25. Medeltal for S och W ut 
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Wr = Ws + korrektionen vid slagantalet S. 
WL = Flytgrans (% av ts). 
Ws = Vattenhalt i % av ts vid slagantalet S. 


nades for varje dubbelbestémning. Pa sa sétt erhdlls for varje prov 
punkter (S,, W;) en med S > 25 och en med S < 25. De par dar 
> 38 eller < 16 utesléts ur den fortsatta bearbetningen. For varje 
igt talpar (S;, W,) bestémdes med hjalp av Tabell I den korrektion 
1 skulle adderas till W, for att flytgransen W, skulle erhallas. Slut- 
n bestémdes for varje prov avvikelserna mellan de pa detta satt 
ulna flytgranserna och den flytgrins som beraknats medelst inter- 
ring enligt vedertagen praxis. 

ér att préva, huruvida avvikelserna visa nagon tendens, vilken skulle 
na tolkas som ett tecken pa att den anvanda kurvan F = f(W5), 
ju utgér basen for hela metoden, ej vore korrekt och att en battre 
assning vore mojlig, har avvikelserna berdknats sa att ett for lagt 
ndex alltid ger positiv differens och for hogt flytindex ger negativ 
rens, oavsett om bestaimningen ar gjord vid S > 25 eller S < 25. 
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Fig. 8. Avvikelse mellan virden pa flytgrins bestimda med konventionell metod och 4 
med »enpunktsmetod» (med anvandande av tabell enligt fig. 8). 


i 
} 
Alla differenser ar héjda till nérmaste heltal. Observeras bor att diffe. 
rensen direkt utgér skillnaden i flytgransen bestimd enl. Tabell I ocht 
enl. vedertagen metod. i 


Differensernas fordelning ar uppritad i stapeldiagram (fig. 8). Som sy-/ 
nes finnes en tydlig skevhet — At det positiva hallet. Detta antydet 
att den anvanda kurvan i fig. 3 ger nagot for laga varden pa flytindex.4 
Den anvanda enpunktsmetoden ger dock trots detta ett gott resultat ps 
det material som prévats med némnda metod. Endast for tva provy 
dverstiger »felety 2 enheter. 

Hur Olmstead’s och Johnston’s »Chart method» har utfallit framga 
av diagram sid. 33 1 HRB 95 (5). Det material, som narmast motsvara 
det svenska vad giiller lerhalt och flytgrans, ar gruppen »56—70». Fel 
fordelning ar dar: 0O—42 %, 1—44 °%, 2—3 °% (forsta siffran differen 
(»felet»), andra siffran resp. grupps andel av hela materialet). Motsve 
rande svenska siffror ar (om man Aven har bortser fran tecknen): 
0—35 %, 1—51 %, 2—18 %, 3—1 %, 4—1 %. Den amerikanska meto 
den har — av allt att déma i oférandrat skick — anvants i Brasilier 
Resultatet av dessa forsék finnes publicerat i en rapport (6), som tyvi 
inte ger nérmare upplysningar, huruvida man funnit nagra signifil 
tiva avvikelser vad giller flytindex’ variation med flytgransen. 
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vesultatet av denna undersékning kan sammanfattas salunda: 


Fel a 
QO —0,5 59 
0,6—1,0 24. 
1,1—2,0 15 

SS All 2 


Been lagt har 282 st prover, huvudsakligen fran sydostkusten 
ersokts. 

Jm ytterligare testning av material fran andra delar av landet skulle 
a att avvikelserna icke bli stérre 4n i ovanndimnda diagram (fig. 8) 
synes ett inférande av har redovisad enpunktsmetod skulle vara 
‘attigat med tanke pa den icke obetydliga arbetsbesparing den med- 
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Tdirmeledningsférmadgan hos nagra kvartdra 
leror 


Heat conduction in some Quaternary clays 
Av 


Erik SAARE? 


armeledningsférmagan hos lerorna har bestémts med en icke statio- 
varmestrom fran en lang cylindrisk varmekélla. Apparaten bestar 
n sond, som uppviirmes med elektrisk str6m. Sondens temperatur- 
ring mates med termoelement och en registrerande elektronisk po- 
iometer. Sonden nedféres i leran och man proévar sig fram till en 
plig effekt for dess uppvaérmning. Efter ca 10—14 minuter bor tem- 
turen i sondens kontaktyta med omgivande material, dvs. lera, 
“4 
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stiga ca 10° C. Ur den erhallna temperaturstegringskurvan bestammes: 


orafiskt lerans varmeledningskoefficient. 
Metoden har tillampats vid laboratorie- och faltforsok. 


Den fullstandiga rapporten dver arbetet kommer under aret atti 
publiceras i Meddelanden fran Statens Namnd fér Byggnadsforskning. 


Erfakrungen bei réntgenographischen Unter 
suchungen von Tonmineralen mit einer 
Guinier-Kamera 
Von 


KARL JASMUND 


Sedimentpetrographisches Institut der Universitat Géttingen 


Einleitung 


Als Mineraloge wird man haufig vor die Aufgabe gestellt, eme Subg 
stanz unbekannter Zusammensetzung zu identifizieren. Dafiir gibt ed 
eine ganze Zahl von Hilfsmitteln und verschiedenen Methoden. Be 
pulverférmigen Substanzen kann man bis zu einer Grésse des Einzel} 
korns von 10 « = 1/100 mm ganz gut eine mikroskopische Bestimm na 
vornehmen. Hierfiir werden eine Reihe von Eigenschaften des Hinzel} 
kornes herangezogen, wie z. B. Lichtbrechung, Doppelbrechung des 
Lichts. Durch die Erfahrung oder durch systematischen Vergleich de 
gemessenen Daten mit Tabellenwerten kann man meistens ermittel 
welches Mineral vorliegt. Weil man eine Reihe von verschiedenem 
voneinander unabhangigen Bestimmungsmethoden anwenden kann, is! 
diese Art der Identifizierung sehr genau. 

Wenn die Kérner kleiner werden, wird die mikroskopische Bestim 
mung immer schwieriger und versagt schliesslich ganz. Dann miissel 
rontgenographische oder elektronenoptische Methoden angewendei 
werden. Am meisten in Gebrauch ist die réntgenographische Pulven| 
methode von Debye-Scherrer, die nun andere Bestimmungsdaten liefert 
nimlich solche, welche die Kristallstruktur direkt betreffen. Je naci 


voneinander bzw. vom Mittelpunkt und von ganz bestimmter Intensi e 
Umgekehrt kénnen wir ein solches beobachtetes System von Rént 
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istallart benutzen. Wahrend wir bei den lichtoptischen Bestim- 
ngen viele voneinander unabhangige Methoden anwenden konnten, 
uns jetzt nur noch eine Bestimmungsart geblieben, namlich eine 
arakteristische Linienfolge und zwar nicht von einem Korn allein 
dern von sehr vielen Kérnern gleichzeitig. 


n einem Pulvergemisch, d. h. in einem Pulver, welches aus mehreren 
mponenten oder aus mehreren Mineralen besteht, werden sich nun 
sprechend viele solcher Interferenzmuster iibereinander lagern. Wenn 

also die verschiedenen Komponenten der Mischung bestimmen 
len, miissen wir die Superposition dieser Liniensysteme auflésen. 
vor miissen wir allerdings die Interferenzmuster der in Frage kom- 
mden Minerale kennen. Das ist heute kein Problem mehr, wo uns 
vfangreiche Tabellen hierfiir zur Verfiigung stehen. Vor etwa 30 
hren, als Hadding (1923) in Lund Versuche dieser Art durchfiihrte, 
r es wesentlich schwieriger. Damals wurden von ihm die ersten 
Iveraufnahmen von Tonen veréffentlicht, und er stellte, seiner Zeit 
it vorauseilend, bereits fest, dass alle von ihm untersuchten Tone 
3 kristalliner Substanz, d. h. aus Mineralen bestehen, auch die feinsten 
uammriickstiénde, In den folgenden Jahren hat man sich davon 
erzeugen mussen, dass es eine ganze Reihe von Tonmineralen gibt, 
_wesentlicher Bestandteil der verschiedenen Tone sind (Jasmund 
5). Ich méchte hier nur einige nennen: 


olingruppe: Kaolinit, Fire-clay-Mineral, Halloysit. 
ntmoringruppe: Montmorillonit, Nontronit. 
mmergruppe: | Hydroglimmer, Illit. 


Yeben diesen eigentlichen Tonmineralen kommen an detritischen 
eralen im Ton noch vor: Quarz, Feldspat, usw. Sie besitzen ein 
stallgitter mit eimem durchschnittlich guten Interferenzvermégen, 
Gegensatz zu den Tonmineralen. Die Tonminerale kristallisieren in 
_niedrigsten Symmetrieklassen, sie liefern also ein Interferenz- 
ster, das aus sehr vielen Linien besteht. Aus elektronenmikrosko- 
hen Aufnahmen sehen wir, dass die Kristallgrosse dieser Minerale 
ir im, kolloidalen Bereich bleibt. Wegen der geringen Kristallgréssen 
n teilweise eine Linienverbreiterung auf dem Rontgenfilm fest- 
ellt werden. Diese Tonminerale sind meistens bei niederer Tempera- 
aus Verwitterungslosungen gebildet worden. Es ist deshalb anzu- 
men, dass ein grosser Teil von ihnen mit Gitterstérungen behaftet 
die ein weiteres Wachsen iiber eine bestimmte Grosse hinaus ver- 
lerten. Man erkennt dies an der Intensititsabnahme der Inter- 
nzlinien nach grossen Beugungswinkeln zu. Wir miissen also fest- 
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Abb. 1. Schematische Anordnung der Schichtpakete. 
a) bei Zweischichtmineralen (Kaolinit-Fire-clay-Minerale). 


} 
b) bei Dreischichtmineralen (Glimmer- u. Montmorin-Minerale). i 


stellen, dass das Streuvermégen der meisten Tonminerale gering ist, 1 
vielen Fallen sogar durch ungiinstige Faktoren noch weiter verminderti 
wird. 


Problemstellungen 


Wir haben es also hier mit emem Material zu tun, das sich nich! 
leicht identifizieren lisst. Weil wir nur die charakteristische Linienfi 
zur Identifizierung zur Verfiigung haben, miissen wir soviel wie még 
hieraus ablesen. Das heisst, wir miissen unsere Aufnahmetechnik 
feinern und die roéntgenographischen Bestimmungsmethoden spe 
fiir die Tonminerale einrichten. Wie kann man dies auf zweckmassi 
Art tun? Zur Beantwortung dieser Frage gehen wir am besten von di 
Kristallstruktur dieser Minerale aus und betrachten die schematisel 
Zeichnung von Abb. 1. Das wesentliche Merkmal ist der Aufbau a 
Tetraederschichten und Oktaederschichten, die jeweils ein Schichtpak 
bilden. Bei den Kaolinmineralen, zu denen auch der Chamosit un¢ 
Antigorit strukturell zu rechnen sind, besteht das Schichtpaket aw 
jeweils einer Oktaederschicht und einer Tetraederschicht. Ein Krist 
dieser Mineralgruppe setzt sich aus vielen iibereinanderliegend 
Schichtpaketen zusammen. Wir erkennen nun ein Mineral dies 
Kaolingruppe leicht daran, dass eine Linie auftreten muss, die diese 
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Abb. 2. Graphische Darstellung der Interferenzlinien einiger Minerale der Kaolin- 
Gruppe (n. Brindley u. Robinson, 1946). 


hichtpaketabstand entspricht. Das ist die sogenannte Basislinie, die 
hr stark ist und dem Primarstrahl am nachsten liegt. Bei den Drei- 
hichtmineralen, deren Schichtpaket sich aus zwei Tetraederschichten 
d einer dazwischen liegenden Oktaederschicht zusammensetzt, ist 
eser Abstand entsprechend grosser, d. h. die Basislinie riickt noch 
siter nach innen. Aus ihrer Lage kann man demnach feststellen, 
sIche Gruppe von Tonmineralen jeweils vorliegt, insbesondere wenn 
an eine geeignete Aufnahmetechnik anwendet und den Textureffekt 
einem Aggregat aus parallelen Blattchen ausnutzen kann (Jasmund 
0). 

ie ist nun eine weitere Unterteilung innerhalb dieser Gruppen, 
B. in der Kaolingruppe, méglich? Aus Strukturbetrachtungen lasst 
h zeigen, dass die einzelnen Glieder durch den Ordnungszustand 
ereinanderlagernder Schichtpakete zu unterscheiden sind. Dieser 
dnungszustand muss also sichtbar werden in den auftretenden 
terferenzlinien. Je grésser die Ordnung iiber die Schichtpakete hinaus 
desto besser miissen die Interferenzlinien sichtbar werden. Je 
nlechter die Ordnung, desto weniger gut sollten die Linien erscheinen. 
erbei werden einige Linien ganz verschwinden und durch ein ver- 
Ischenes Band ersetzt sein. In Abb. 2 sehen wir die schematisch 
gestellte Linienfolge dieser Mineralgruppe. Beim Kaolinit erscheint 
1B. bei etwa 4,5 A eine Folge von 4 Linien, die beim Fire-clay- 
neral mit seinem grésseren Unordnungszustand nicht mehr aus- 
yildet ist (Brindley u. Mitarb. 1946). Beim Halloysit, wo die Schicht- 
kete sich zu Réhrchen aufgerollt haben, erhalten wir nur noch 
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Reflexe von einem zweidimensionalen Gitter. In der dritten Dimension} 
herrscht keine Ordnung mehr. Man sieht das an den charakteristischen) 
Linienverbreiterungen und dem einseitigen Intensitatsabfall der Linien, | 

Wie kann map nun umgekehrt aus der Linienfolge diesen Ordnungs- 
und Unordnungszustand erkennen? Aus gewéhnlichen Pulveraufnahmen} 
ist dies kaum noch méglich, auch wenn man eine Kamera mit grossem) 
Radius benutzt. Das Auflésungsvermégen reicht nicht aus, um z. By} 
die charakteristische Linienfolge bei 4,5 A voll aufzulésen. Hier miissen: 
besondere Aufnahmemethoden angewendet werden, von denen wir i 
im Folgenden besonders behandeln wollen. 

Ein anderes Problem taucht bei den Tonmimeralen aller drei Gruppem) 
auf, namlich zu priifen, ob und wie man unter Umstanden aus bestimm: 
ten Linien auf die chemische Zusammensetzung des betreffendeni 
Minerals schliessen kann. Wenn z. B. das dreiwertige Aluminium der: 
Oktaederschicht weitgehend durch zweiwertiges pon en oder Kisens 
ersetzt wird, so muss zum Valenzausgleich die Oktaederschicht jetatt 
ganz besetzt sein. Dies ist der Fall beim Antigorit und Chamosit 
Durch das Hineinbringen von mehr Ionen und auch grésseren Ionet 
als das Al** muss das Gitter aufgeweitet werden. Dies muss sich m) 
der a- und b-Richtung auswirken und an entsprechenden Reflexens 
bemerkbar machen. Besonders empfindlich hierauf ist die (060)-Linie,: 
die bei aufgeweitetem Gitter mehr nach innen, zu kleineren Glanz: 
winkeln geriickt ist. 

Entsprechendes gilt fiir die glimmerartigen Tonminerale (Illite), 
bei denen statt 2/3 auch 3/3 der Oktaederschicht besetzt sein kann) 
Man nennt sie entsprechend dioktaedrische und trioktaedrische [lite 
oder kurz Di-Iite und Tri-Illite. 

In einigen Tonen kann nun neben einem dioktaedrischen auch ei} 
trioktaedrisches Mineral vorhanden sein. Schwierig wird der Nachw 
beider nebeneimander, wenn die entsprechenden (060)-Linien nicht se. 
weit voneinander entfernt sind. Dann kann bei gewéhnlichen Pulve 
aufnahmen eine Verschmelzung beider Linien vorkommen, und ma. 
muss eine verfeinerte Nachweismethode anwenden. Dies muss | 
sonders dann geschehen, wenn sich diesen (060)-Linien solche 
anderen Mineralen iiberlagern, wie es besonders haufig durch ei 
Quarzlinie eintritt. Als Ausweichinterferenzen sind dann unter U 
stéinden die entsprechenden (020)-Linien zu verwenden, also ei 
niedere Ordnung der (060)-Interferenz. Diese (020)-Linien liegen natt 
lich viel naher beieinander, eine Trennung ist nur mit einer fokussiere 
den Kamera grossen Auflésungsvermégens méglich. Es gibt noch 
dere Falle, in denen man mit normalen Pulveraufnahmen zur Iden 
fizierung der einzelnen Bestandteile eines Tons nicht auskommt. I 
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Abb. 3. Einstellungsméglichkeiten mit der Guinier-Kamera. 


esondere sind es die zahlreichen Uberlagerungen von Linien, die bei 
em Linienreichtum und der Ahnlichkeit des Interferenzmusters der 
onminerale nur allzu haufig auftreten. 


rinzip, Aufbau und Arbeitsweise der Guinier- 
Kamera 


Da wir also in den Tonmineralen Substanzen mit schlechten Auf- 
uhmeeigenschaften vor uns haben, so miissen wir grossen Wert 
if eine gute Aufnahmemethode legen. Unsere Experimente haben 
in gezeigt, dass eine Guinier-Kamera die oben diskutierten Probleme 
elfach losen kann. 

Zunaichst méchte ich kurz iiber das Prinzip und die Anordnung der 
amera berichten, wie es ausfiihrlich von Guinier (1939) geschehen ist. 
Die beiden wichtigsten Teile sind ein Quarzmonochromator nach 
hhansson (1933) und eine Réntgenkamera mit fokussierender Anord- 
ng nach Seemann-Bohlin (Abb. 3 a). Die Réntgenstrahlen kommen 
m einem Strichfokus. Sie werden an dem gekriimmten Kristallmono- 
romator reflektiert und dann wieder in einem Punkt D fokussiert. 
vchdem das Rontgenlichtbiindel die Quarzplatte passiert hat, ist es 
mochromatisch. Das gesamte Bremsspektrum, welches sonst eine 
‘fuse Streustrahlung gibt, und die K;-Strahlung werden nicht reflek- 
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tiert.. Jetzt kann eine zylindrische Kamera so gestellt werden, dass 

der Primarstrahl auf dem Film fokussiert ist, d. h. dass der Punkt D™ 
auf dem Film zu liegen kommt. Um diesen Punkt kénnen wir nun 

den Kamerazylinder schwenken, wobei die Fokussierung auf dem Film 

erhalten bleibt. Das Praparat, welches untersucht werden soll, besteht 

aus einer dimnen Schicht. Es liegt tangential in der Zylinderflache 

der Kamera, also in der Filmkriimmung. Wenn wir die Kamera um 
einen bestimmten Winkel um den Punkt D geschwenkt haben, missen ~ 
wir das Praparat zuriick in den Strahlengang bringen. Dies geschieht ~ 
durch Drehen des Kamerazylinders in sich selbst, d. h. um den Mittel-— 

punkt M. Die Kamera kann also um zwei Rotationspunkte gedreht_ : 
werden, 

1. um den exzentrischen Punkt D, der in der Filmebene liegt, | 
2. um die zentrische Achse, also um den Mittelpunkt der Kamera Me 


Aus der Geometrie des Kreises folgt, dass alle Strahlen, welche von 
dem gebogenen Praparat unter dem jeweiligen Glanzwinkel abgebeugil 
werden, wieder auf dem Film fokussiert werden. Diese Higenschaft © 
der Fokussierung eliminiert bis zu einem hohen Grad den Einfluss — 
der Priparatdicke, der sich nach einer Formel von de Wolff (1948) | 
berechnen lasst. Weil die abgebeugten Strahlen von der Peri saa 
und nicht vom Mittelpunkt der Kamera kommen, verdoppelt sich das _| 
Auflésungsvermigen. Beide Effekte, Fokussierung und doppeltes Auf — 
lésungsvermégen ergeben die Vorziige dieser Aufnahmetechnik. i 

Um jeweils die besten Aufnahmebedingungen einzuhalten, konnen | 


i 


Am einfachsten ist die symmetrische Anordnung, bei der man zu beiden — 
Seiten des Primiirflecks praktisch die gleichen Aufnahmebedingungen ~ 
hat. Der maximal nach jeder Seite zu erfassende Winkelbereich ist 
allerdings nicht sehr gross (O ~ 30°). Auf Grund des schlechten Re- 
flexionsvermégens der Tonminerale braucht er auch nicht gross zu 
sein, weil die Intensitaét der Linien mit grossen Glanzwinkeln schnell 
abnimmt. Trotzdem benutzt man haufiger die asymmetrische Anord- 
nung (Abb. 3 b). Ausser dem Vorzug eines grésseren Winkelbereichs 
hat diese Anordnung zwei weitere Vorteile: 

1. Weil die abgebeugten Strahlen nicht vom Mittelpunkt der Kamera 
kommen sondern von der Peripherie, gehen sie im allgemeinen schrag 
durch den Film. Nur der Strahl, der gleichzeitig durch den Mittelpunkt 
geht, ist ausgezeichnet und trifft senkrecht auf den Film auf (Primar 
strahl bei der symmetrischen Stellung). Hieraus folgt, dass die weit 
von der ausgezeichneten Lage entfernten Reflexe zunehmend schraget 
durch den Film gehen. Die entstehenden Linien erscheinen breiter 
weil wir beim Ausmessen ja senkrecht auf den Film sehen. Bei doppel 
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chichtigen Filmen erscheinen weit draussen sogar zwei Linien, eine 
ron der Innenschicht herriithrend, die andere von der Aussenschicht. 
Nollen wir den Vorteil der kiirzeren Belichtungszeit eines doppelseitig 
egossenen Films ausnutzen und das Ausmessen und Photometrieren 
iach den itiblichen Methoden vornehmen, so miissen wir sehen, dass 
ie besonders interessierenden Linien oder Liniengruppen durch prak- 
isch senkrecht auf den Film einfallende Strahlen erzeugt werden. Dies 
Onnen wir erreichen, wenn wir die asymmetrische Achse mit dem 
oppelten Glanzwinkel schwenken und den Kamerazylinder um den 
ierfachen Glanzwinkel zuriickdrehen. Leider sind diese bevorzugten 
ufnahmebedingungen jeweils nur fiir einen bestimmten Winkelbereich 
u realisieren. In vielen Fallen liegt der besonders interessierende 
Vinkelbereich um 30°, so dass man dazu iibergegangen ist, Guinier- 
ammern mit einer festen Hinstellung auf diesen Winkel zu benutzen. 


2. Die asymmetrische Anordnung hat einen weiteren Vorzug, der 
esonders zur Erhéhung des Auflésungsvermégens beitragt. Durch den 
lonochromator wird im allgemeinen sowohl Ka, als auch Ka, reflek- 
ert.' Die nach der Reflektion eingetretene Aufspaltung beider Wellen- 
ngen kann durch die nochmalige Beugung am Praparat wieder riick- 
ingig gemacht werden. Diese sogenannte Subtraktionsstellung haben 
ir also nur nach einer Richtung, d. h. nur auf einer Seite des Primir- 
rahls und genau genommen nur fiir einen bestimmten Winkel. Nach 
r anderen Seite wird die Aufspaltung von Ka, und Ka, weiter ver- 
Ossert. Fiir unsere diagnostischen Zwecke verwenden wir nur die 
ibtraktionsstellung. Wegen dieser ausgezeichneten Fokussierungsbe- 
ngungen ist die Belichtungszeit ziemlich kurz. Sie richtet sich natiir- 
h nach dem Offnungswinkel des Strahlenbiindels, das auf den Mono- 
romator fallt. Diese Divergenz betrug bei unseren Tonaufnahmen 2°, 
ch hangt dieser Winkel auch von der Giite des Quarzmonochromators 
. Die Belichtungszeiten fiir eme Guinier-Aufnahme bzw. eine Pulver- 
fnahme mit demselben Linienabstand verhalten sich etwa wie 1: 4 
gunsten der fokussierenden Anordnung. Bei doppelseitig begossenem 
Immaterial liegt die Belichtungszeit fiir Tonminerale zwischen 1 bis 
Stunden, fiir Quarz bei etwa 1/2 Stunde. Natiirlich geht hier auch 
ch die vertikale Divergenz des Strahlenbiindels ein. Im allgemeinen 
‘sie so begrenzt, dass die Réntgeninterferenzen auf der Mittellinie 
3 Films praktisch noch nicht verbreitert erscheinen durch die sichel- 
mige Ausbildung, die bei Verwendung von Spaltblenden besonders 
_kleinen Glanzwinkeln immer auftritt. Die Linien sind nach aussen 


Bei einigen sehr gut ausgeschliffenen Monochromatoren kann man durch sorgfaltige 
stellung des Reflektionswinkels erreichen, das ohne grésseren Intensitaétsverlust nur 
Ka,-Linie reflektiert wird. 


: 


| 
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hin, d>h. in Richtung zunehmender Glanzwinkel scharf begrenzt, nach 
innen zu ist der Intensitatsabfall weniger scharf durch die Uber= 
lagerung der untereinanderliegenden Beugungsringe. Sehr eng liegende 
Linien, wie z. B. das (111)-Dublett im 4,5 A-Bereich des Kaolinits, 
treten deshalb nicht in voller Scharfe hervor. Man kann die Aufnahme= 
bedingungen weiter verbessern, wenn man die schrig einfallenden” 


Strahlen weitgehend herausnimmt und praktisch nur parallele Strahlen- 


auf das Praparat fallen lasst. Wir néhern uns damit den Verhaltnissen,” 
wie sie bei Punktblenden vorliegen. Ein weiterer Fortschritt wurde hie 
durch Verwendung von doppelt fokussierenden~Monochromatoren er 
reicht werden. Das Ausblenden der schrag auf das Praparat fallenden — 
Strahlen geschieht am besten mit einer Sollerblende, wie sie auch bei 
den Roéntgengoniometern iiblich ist. Durch die Herabsetzung der» 
vertikalen Divergenz treten die Linien scharfer aus dem Untergrund © 
hervor, so dass eine bessere Photometrierung méglich ist. Die Belich= 
tungszeit musste bei Verwendung unserer Sollerblenden auf etwa das 
vierfache erhoht werden. 

Grosse Schwierigkeiten bereitet die Herstellung geeigneter Praparate, , 


insbesondere von Tonen. Bereits einleitend habe ich darauf hingewiesen, | 


i 
| 


dass die Tonminerale grésstenteils blattchenformig sind. Deshalb neiget 
sie sehr dazu, sich parallel zur Auflageflache anzuordnen. Wir haben ¥ 
dann eine Textur im Priaparat, die fiir quantitative Bestimmungen | 
sehr unerwiinscht ist. Weil wir keine vollkommene Unordnung mehr 
haben, wie z. B. in Stiibchenpraparaten bei Debye-Scherrer-Aufnahmen, 
werden je nach der Priaparatneigung einige Reflexe verstirkt, ande 
abgeschwiacht auftreten. Diese Textur tritt natiirlich besonders 
sedimentierten Praparaten auf, weniger stark bei ultrafiltrierten und 
auf dem Ultrafilter getrockneten Priiparaten. Eine weitere Method 
die z. T. geeignetere Priiparate liefert, besteht darin, das Pulver mi 
einer Fliissigkeit wie z.B. Glycerin oder angewdrmten Paraffino 
anzuriihren. Diese Paste wird dann zwischen zwei Cellophanhautchen 
mit zwei Glasplatten auseinandergedriickt, so dass eine gleichmassi 
diinne Schicht zwischen den Cellophanhautchen entsteht.1 

Die hier verwendete Kamera ist bereits an anderer Stelle ausfiihrlie 
beschrieben worden (von Wolff 1954), so dass hier nur ganz kw 
darauf eingegangen werden soll (Abb. 4). Vom Strichfokus der Réntge 


rohre kommend passiert das Réntgenlicht das Blendensystem, welch 


* Zur Herstellung von méglichst texturfreien Praparaten kann man, wie hier gescheh 
das Tonmineral mit Glycerin anriihren. Um die oberflichliche Textur hierbei weitgehe 
zu vermeiden wird die Paste zwischen zwei kleinen Hiutchen eines diinnen Tesafiln 
(scotch tape) zerdriickt. Die Klebschicht des Films wird vorher mit dem trockenen Tc 
pulver bestreut, wobei die Tonteilchen ohne bevorzugte Orientierung haften bleiben u 
eine ziemlich texturfreie Oberflichenschicht ergeben. Bei Verwendung von gewohnlick 
Cellophanblattchen wurde eine unpolare Fliissigkeit wie z. B. Paraffinél verwendet. 


' 
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Abb. 4. Guinier-Kamera nach von Wolff. 


smeinsam mit den hinter dem Monochromator befindlichen Blenden zur 
instellung der horizontalen und vertikalen Divergenz des Lichtbiindels 
od zur Abschwachung der Streustrahlung dient. Die vertikale Diver- 
nz kann stattdessen auch durch eine Sollerblende sehr gering ge- 
alten werden, die an Stelle des Blendenkérpers eingesetzt wird. Die 
uarzplatte, auf 50 cm Radius ausgeschliffen, wird mit Federn auf 
m Monochromatorblock mit halbem Kriimmungsradius gespannt. 
ach Reflektion am Quarzmonochromator geht das Réntgenlicht durch 
is Praiparat, das in den Praparathalter eingesetzt ist. Der Priméar- 
rahlauffainger ist mit dem drehbaren Kameradeckel verbunden und 
nn somit auf jeden gewiinschten Winkelwert eingestellt werden. Der 
Im liegt, in schwarzes Papier eingewickelt, an der Innenwand des 
lindrischen Kamerakorpers, etwa dort, wo der breite Spalt sichtbar 
;. Letzterer dient dazu, die ganze Anordnung auch fiir Riickstrahl- 
fnahmen verwenden zu konnen, z. B. in der Metallkunde. Weil der 
imiarstrahl immer auf dem Film im Punkt D (Abb. 3 a) fokussiert 
in soll, kann die Kamera mit der exzentrischen und konzentrischen 
nstellskala auf einem Schlitten solange verschoben werden, bis dies 


icht ist. 
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Abb. 5. Photometerkurven des 4,5 A-Bereiches 
a) einer Debye-Scherrer-Aufnahme des Kaolinits von Schnaittenbach (Korngréssen- 
fraktion 2—6 yp). I 
b) einer Guinier-Aufnahme desselben Kaolinits wie in a) 
c) einer Guinier-Aufnahme des Fire-clay Minerals von Grossalmerode (Korngréssen- — 
fraktion < 0,6 ,). 


ee 


Experimentelle Erfahrungen mit der Guinier 
Kamera 


der réntgenographischen Untersuchung von Tonmineralen herausgestellt | 
wurden, sollen jetzt die mit dieser Kamera oe Ergebnis 
diskutiert werden. 

Es wurde gezeigt, dass zur Unterscheidung des Kaolinits vom Fire- 
clay-Mineral der 4,5 A-Bereich benutzt werden kann. In Abb. 5 ist 
die fiir den Kaolinit charakteristische Liniengruppe durch die Photo- 
meterkurven wiedergegeben und zwar sowohl fiir eine Debye-Scherre 
Aufnahme (Abb. 5 a) als auch fiir die Guinier-Aufnahme (Abb. 5 b). 
Die Debye-Scherrer-Aufnahme (Stabchendicke 0,3 mm) wurde mit 
einer Kamera von 114 mm, die Guinier-Aufnahme mit einer solchen 
von 57 mm WZ gemacht. Die Linienabstande sind also direkt mitein- 
ander vergleichbar. Hin Vergleich der beiden Photometerkurven macht 
den Unterschied im Auflosungsvermégen beider Methoden klar. In 
Abb. 5 c ist dieser Bereich auch fiir das Fire-clay-Mineral dargestell 
worden. Hs erscheint nur ein verschmiertes Gebiet mit einer scharfer 


Nachdem in einem vorhergehenden Abschnitt bereits einige Probleme 
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Abb. 6. Photometerkurven von Guinier-Aufnahmen des 4,5 A-Bereiches 
eines Kaolinits zur Darstellung des Textureffekts. 


a) Praparat hergestellt durch Sedimentation. 
b) Praparat hergestellt als Glycerinemulsion. 


orderen Begrenzung, nach Brindley und Mitarbeitern (1947) ein 
eichen fiir een vermehrten Unordnungszustand dieses Tonminerals. 
m insbesondere das Dublett (111), (111) besser aufzulésen, wurde 
ne Sollerblende eingeschaltet. Beide Praparate fiir die Guinier-Kamera 
urden durch Zerdriicken einer Ton-Glycerinemulsion hergestellt. 
Den Einfluss des Textureffektes erkennt man, wenn man die Photo- 
eterkurve eines durch Sedimentation erhaltenen Praparats daneben 
ellt, wie es in Abb. 6 a, b geschehen ist. Das Intensitaétsverhaltnis 
vischen den Linien (020) und (110) kehrt sich um, die Intensitat 
s (111)-Dubletts zu diesem ersterem Linienpaar nimmt in Abb. 6 b 
|. Ausserdem treten beim texturfreien Praparat die darauf folgenden 
terferenzen deutlicher hervor. Das gilt insbesondere von der (002)- 
nie, die etwa mit einer Intensitaét erscheint, wie sie auch mit tex- 
rfreien Praparaten nach anderen z. T. umstadndlicheren Prapara- 
msmethoden erhalten wird. 

Zur Unterscheidung von dioktaedrischen und trioktaedrischen Ton- 
ineralen verwendet man die (060)-Linien, bei Anwesenheit von Quarz 
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Abb. 7 a—c. Photometerkurven von Guinier-Aufnahmen emes Tons von Mihlacker 
mit Di- und Tri-Illit (Korngréssenfraktion < 2 yp). 


a) (060)-Bereich der natiirlichen Tonfraktion. 

b) (060)-Bereich nach Zumischen von Quarzpulver. 

ce) (020)-Bereich der natiirlichen Tonfraktion. 

d) Kurvenzug des (060)-Bereichs der Zihlrohr-Registrierung mit Rontgengoniometer 
(natitirliche Tonfraktion wie in 7 a). 


die (020)-Linien. Eine solche natiirliche Mischung beider Illite liegt 
in der Fraktion < 2 mw eines Tons von Mihlacker vor, der ausserdem 
etwas Quarz enthalten soll (Lippmann 1954). In Abb. 7 a sehen wir 
die Photometerkurve der natiirlichen Mischung, in Abb. 7 b diejenige 
nach einer Zumischung von Quarz zu etwa gleichen Teilen. Die Ent- 
scheidung iiber einen Tri-Illitanteil in emem Ton dieser Zusammen- 
setzung wire schwierig, wenn man nicht die (020)-Linie mit zu Hilfe 
nehmen kénnte. In Abb. 7 ¢ ist die Photometerkurve dieser Linien 
wiedergegeben, und zwar wurde eine Winkelstellung der Kamera von 
20° (2 Qos ~ 20°) genommen. 

Die bisherigen Beispiele bezogen sich auf das hohe Auflosungsver: 
mogen, welches bei Tonmineralen mit der Guinier-Kamera zu erreichen 
ist. Eng damit verkniipft ist auch eine Erhéhung der Empfindlichker 
des Nachweises der Tonminerale, wie schon folgende einfache Uber 
legung zeigt. Bei den nichtfokussierenden Anordnungen, z. B. nach 
Debye-Scherrer, wird durch Vergrésserung des Kameraradius die 
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enze der Nachweisbarkeit heraufgesetzt, weil durch die Div ergenz 
s abgebeugten Lichts die Linien immer diffuser und verwaschener 
tden und schliesslich im Untergrund verschwinden. Bei der Guinjer- 
mera haben wir statt des divergenten Biindels ein konvergentes 
ahlenbiindel, d. h. das von einem grossflichigen Praparat abgebeugte 
ntgenlicht sammelt sich auf engem Querschnitt, und die Linien 
en sich scharfer aus dem Untergrund heraus. 
it den bisherigen Ausfiihrungen sollte an wenigen Beispielen gezeigt 
rden, in welcher Art die Guinier-Kamera fiir die Tonuntersuchung 
angezogen werden kann. Die Erfahrung hat gelehrt, dass sie zur 
sung bestimmter Fragen ausgezeichnet zu verwenden ist. Sie ist 
solche Kieestallungen auch dem Réntgengoniometer mit Geiger- 
er tberlegen. Das Reflektionsvermégen vieler Tonminerale ist so 
ulecht, und viele Reflexe heben sich bei der Zahlrohrregistrierung 
schwach iiber den Untergrund heraus, dass die Auswertung mit 
igerzihler recht problematisch werden kann, wie ein Verricich der 
venztige von Abb. 7 a und 7 d deutlich zeigt. Durch die Notwendig- 
cer halbwegs ausreichenden statistischen Stossfolge im Zahlrohr 
eine weitere Erhéhung der Empfindlichkeit des Nachweises schwacher 
flexe kaum noch méglich, wenn man nicht zu extrem langsamer 
hlrohrdrehung iibergeht. Anders ist es bei der Guinier-Kamera, wo 
_abgebeugten Rontgenreflexe iiber beliebig lange Zeiten auf den 
m einwirken kénnen, so dass die einzelnen Interferenzmuster der 
nminerale viel deutlicher herauskommen. Allerdings ist durch die 
<tur in den Praparaten unter Umstinden eine halbwegs quantitative 
haltsbestimmung schwierig. Deshalb ist es zweckmiassig, fiir Ton- 
ersuchungen mehrere Methoden gleichzeitig zu benutzen. Fiir 
antitative Messungen der wesentlichen Gemengteile eignet sich am 
ten das Réntgengoniometer mit Zahlrohr. Zum Nachweis geringer 
ngen von Blaittchenmineralen und zur Bestimmung der Tonmineral- 
ppe kann am besten das Texturverfahren durch Ausnutzung der 
rakteristischen Basisreflexe verwendet werden. Zur weiteren Kenn- 
s+hnung der Minerale innerhalb der einzelnen Gruppen leistet die 
nier-Kamera gute Dienste. Ganz allgemein ware noch eine Reihe 
terer Untersuchungsmethoden zu erwahnen, wie Differentialthermo- 
lyse, elektronenoptische Aufnahmen usw., die weitere Bestimmungs- 
en liefern und die soweit moglich mit heranzuziehen sind. 
‘ine zuverlassige mineralogische Tonanalyse kann also nur mit Hilfe 
er Untersuchungsmethoden ausgefiihrt werden, aber innerhalb der- 
hat die Guinier-Kamera einen ausgezeichneten Platz. 
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Notiser 


Prof. W. L. pe Kryszr hdll den 7 okt. pa IVA ett foredrag om »Reactivitt 
in the Solid State between the Oxides of the Cement System». Féredraget} 
har publicerats i IVA:s tidskrift TVf, 26, nr 7, 292 (1955). 


Dr. phil. I. To. Rosenagvist héll den 29 nov. ett foredrag om »korrosion ay} 
stal i jord», Féredraget hade ordnats i samarbete med Sveriges geoteknike 
férening och skall publiceras 1 Teknisk Tidskrift. 


Dr. R. C. Mackenzie holl den 1 dec. ett foredrag i Uppsala pa inbjudan 
Miner.-Geologiska Institutionen vid Uppsala Universitet och behandlade ha 
vid en del ouppklarade problem inom lermineralogien. Foéredragets titel l6¢ 
»Answers please — some unsolved problems; comments on some structu 
problems in clay mineralogy, the question of iron and aluminium oxide 
Ev. kommer en sammanfattning av foredraget att publiceras i ett seni 
hafte. Vidare féljde en diskussion med Dr. Mackenzie som inledare & 
»Hydration and hydroxylation in clay minerals». 


Investigations in the clay-electrolyte-water s} 
tem (med sammanfattning pa norska) av. I. Th. Rosenqvist har utgiv 
fran Norges geotekniske institutt i dess publikation nr 9 (1955 Pris N. 
12: 


DTA-kommittén har genom agr. lic. K. Vahtras sammanstiallt 
rapport Over de svar som ingatt pa de utsinda frageformularen. 11 st. ] 
besvarats varav 6 fran Sverige, 4 fran Danmark och 1 fran Norge. Unge 
halften arbetar med manuellt skétta apparater. Samtliga har liggande— 
ugnar med liknande effekt och temperaturstegring. De flesta har nickelbl 
som provhallare och Al,O, som referenssubstans. Det ar nu meningen atts 
fa fram goda standardmaterial och att provkéra dessa pa respektive aj 
rater, varefter en mera utférlig rapport skall kunna avgivas. 


Féredragen som hélls vid »The Second National Conference on Clays. 
Clay Minerals», har publicerats i en volym med titeln Clays and O1 
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nerals, Pub. 327, Natl. Acad. of Sciences, National Research Council, 
shington, D. C., 1954. 


lay Minerals Bull. 2, No. 13. Dec. 1955 (egentligen May 1955) 


nu utkommit och finns tillgainglig hos sekreteraren. Den innehaller fol 
e€ uppsatser. 


L. Stone and E. J. Weiss: Examination of four coarsely crystalline 
chlorites by X-ray and high-pressure d. t. a. techniques. 


bstract: Because chlorite represents the highest order of mineral having a 
tmorillonite-illite like structure, it has been studied by the d. t. a. techni- 
in water vapour atmospheres at pressures (absolute) in the range 0,001 
of Hg to 2 300 mm of Hg. The range of water vapour pressure makes 
ound changes in the thermograms, showing the very complex nature of 
breakdown of the brucite-like layer which was not anticipated by other 
8. The chlorite exotherm at 870° C can be completely suppressed by 
1 pressure water vapour or can be greatly intensified by running in vacuum. 
great differences in thermograms cannot be explained by chemical analy- 
or optical properties. 


FRANZEN: X-ray analysis of an adsorption complex of montmorillonite 
with cetyltrimethyl ammonium bromide (lissolamine). 

tora organiska katjoner anviindes vid bestimning av jonutbyteskapaciten 
sma mangder lermineral. Ekvivalenspunkten bestiimmes genom att kom- 


et vid denna blir en god emulgator fér olja-vattensystemet. Ett sadant 
iplex beskrives har narmare. 


*REENE-KELLY: An unusual montmorillonite complex. 


bstract: Sodium montmorillonite and pyridine form a regular complex of 
ing 23,3 kX in the presence of traces of moisture. The minimum inter- 
lar composition necessary for the formation of the complex is approxima- 
Na+ (C;H;N),(H,O).. The intensities of the 00l reflections are considered 
mpatible with the complex having a five layer structure and an alternative 
agement is proposed. 


 SEWELL: The consequences for differential thermal analysis of assum- 
1g a reaction to be first-order. 


stract: From their isothermal experiments, Murray and White drew the 
lusion that the dehydration reactions of clays are first-order with a rate 
r of Arrhenius form. The object of this paper is to discuss whether diffe- 
al thermal analysis can be used to confirm or refute this hypothesis. The 
em, previously considered by Murray and White, of a sample heated at a 
ant rate throughout is recalled. Particular attention is drawn to the 
; of heating rate on the temperature at which the maximum rate of 
LO: rs. 

Eoply to differential thermal analysis, the treatment must be extended 
ke account of thermal gradients; as the mathematics involved is cum- 
me, only results are considered. The most important result concerns the 
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effects of sample size and dilution on the position of the turning-point. 4 
disagreement with the results of experiments on kaolinite is pointed out; it is 
argued that only a small part of this disagreement is due to simplifications” 
made in developing the theory, and it is concluded that the hypothesis that 
the clay reactions are first-order, with a rate factor of Arrhenius form, is onk | 


approximate. 


E. B. ALLiIson: Quantitative thermal analysis of clay minerals. 


Abstract: Vold’s mathematical analysis of the d. t. a. curve has. been applieé 
to Murray’s data on the dehydration of clays. Owing to experimental 
certainties, values for the heats of dehydration are lower than those determined | 
by other methods. The first order law is obeyed and the activation energies of | 
dehydration are of the same order as those derived from isothermal dataj 
rates of dehydration are, however, higher. Furthermore, Smith’s constant | 
heat flow method has been used to determine specific heats and heats of de - 
hydration of clays, and the effect of sample porosity upon the results has = 
been determined. The thermal data has also been used to estimate th 
amount of clay mineral present. The kinetics of the dehydration proces 
evaluated from the apparent specific heat-temperature curves, follow a fir 
order reaction curve. The activation energies obtained are, however, highe 
than those derived from other data. 


P. Murray and J. Wurte: Kinetics of clay dehydration. 


Abstract: Kinetic studies have shown that the isothermal dehydration of th 
clay minerals proceeds according to a first order law enabling velocity co 
stants to be evaluated for different temperatures. From these, the Arrhenit 
parameters have been determined and on this basis, the clay minerals mé 
be classified into three main groups, viz., kaolinites, secondary mica cla 
and montmorillonites. No significant difference is shown by comparison | 
the Arrhenius plots for the kaolinites and halloysites but the secondary mi 
clays decompose more rapidly than the kaolinites at comparable temperatur 
Evidence is provided to illustrate that the constants obtained are associat 
with the basic process involving interaction of hydroxyl groups in the ¢ 
mineral lattice. Indirect evidence also suggests that the irreversibility of t 
dehydration is due to lattice collapse resulting in the formation of high 
stable configurations of Sit+, Al®’+ and 02> atoms. The first order nature of fl 
dehydration reaction is shown to be the underlying basis of the type of ew 
obtained in differential thermal analysis. Two important conclusions ¢ 
that: — (a) The clay mineral is only approximately 70 % decomposed at t 
peak on the thermal analysis curve. (b) Heating rate has a marked effect 
the peak temperature. Mathematical equations have been developed 
obtain, the effect of heating at a constant rate on the progress of a reacti 
for which the isothermal velocity constants are known. The effect of sam 
weight and dilution factors are discussed, together with the kinetic proble 
associated with mixtures of clay minerals. 


L 


F. Vauauan: Energy changes when kaolin minerals are heated. 


Abstract: The work outlined in this paper was undertaken to show he 
by a consideration of the energy changes involved, some insight may 
gained into the reactions occurring when kaolin minerals are heated. 
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Activation energies have been determined experimentally for the dehydra- 
n of various kaolin minerals. The fireclay mineral is distinctive and it is 
gested that is does not form part of a halloysite-kaolinite series. It is 
ther thought possible that there is a series of fireclay minerals. 

rom thermochemical and thermodynamic considerations the heat of 
mation of kaolinite has been calculated approximately and enthalpy and 
e energy changes have been estimated for the exothermic reaction at 
© C. These indicate that, if a compound is produced durmg dehydration, 
most probable explanation of the exothermic reaction is the simultaneous 
duction of mullite, y-Al,03 and SiO,. Finally the lattice energies of kaolinite 
d its thermal decomposition products have been calculated. 


GALLITELLI: Clay minerals of the argille scagliose of the Modenese 
Appennines. 


Abstract: Samples of the argille scagliose from various localities in the 
denese Apennines have been studied by optical, X-ray and d. t. a. methods 
part of an investigation into the composition and origin of this remarkable 
ochthonous formation. Ilite, chlorite and a kaolinitic mineral of »fireclay» 
ye are widespread. Samples from one locality contain also a conspicuous 
—28 A swelling chlorite, the origin of which is discussed. It is as yet uncer- 
n whether this mineral is confined to clays containing exotic blocks of 
hiolite (greenstone) or whether it is more widely distributed. 


Lippr-Boncampr, R. C. Macxenzin, and W. A. MircHetu: The mineralogy 
of some soils from central Italy. 


Abstract: A set of seven soils representative of types of considerable pe- 
ogical importance in the Umbrian region of Italy have been examined by 
rological and clay mineralogical methods in order to supplement previous 
a upon field and chemical characteristics (Lippi-Boncambi, 1950). Some 
ic data upon colour, locality of the sample examined, parent material, 
nfall (P), temperature (T), rain factor (P/T — see Lang, 1915) and pH are 
amarised in Table 1. It will be noted that (a) the soils form an interesting 
yur group ranging from red through intermediate colours to yellow and 
n through brown to black, (b) all except one are derived from calcareous 
ks, and (c) all except one are neutral to alkaline in reaction. 


ENDELL: Clay minerals in coals and in their ashes. 


lbstract: Clay minerals occurring in bituminous and brown coals have 
n identified by X-rays as illites and kaolinites. On burning coals reactions 
e place between the clays, lime, ferric oxides and sulphur. The clays set 
the sulphur as sulphur dioxide rather than form anhydrite. The influence 
Jays on slag formation is described. Clays raise the viscosity of slags. In 
minous coal ashes the melting point is raised but in the ashes of brown 
Is lowered by the presence of clays. Examples in fluxed-ash and cyclone 
Wg are given. 

Brown: Report of the clay minerals group sub-committee on nomencla- 
ture of clay minerals. 
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Moéten och kongresser 


Clay Minerals Growp sammantrader: 


13 och 14 april 1956 i Cambridge, : 

2 nov. 1956 1 London med imne »Clay Minerals and Soil Mechanics), 

12 och 13 april 1957 troligen i Oxford med amne »Clay Minerals and Ce 
Tamics), 

i nov. 1957_planeras ett méte i London tillsammans med den franska ler 
foreningen, Groupe des Argiles. 


V. Internationaler Keramischer Kongress anordnas i Wien den 17—22 sept.t 
1956. Upplysningar kan erhallas av civiling...L. Simonsson, IVA, Box: 


5073, Stockholm 5. 
A. M. Bystrom. 


Notis 
Ny utstyrsel av Férhandlingarnas omslag 


I en skrivelse till Styrelsen den 25 oktober 1955 ansag hr F. E. Wickman. 
att Forhandlingarnas hittillsvarande omslag genom sin typografiska ut 
formning och rent svenska text enligt hans erfarenhet kunde avskracka 
utlindska lasare att nirmare ta del av haftenas innehall. Om Forhandling: 
arna gjordes mera lockande fér icke-skandinaviska lasare, skulle detta 
kunna bidraga till att dka kinnedomen i utlandet om svensk geologish 
forskning. 

Styrelsen upptog arendet till behandling och framlade fragan for mé 
den 1 december 1955 (G. F. F. 1955 sid. 639). De féreningsmedlemmar, som 
da yttrade sig, foretradde nirmast den asikten, att det ankomme pa Styrelsett 
att vidtaga eventuella atgiirder. | 

Synpunkten, att Férhandlingarnas innehall sa vitt méjligt bor géras kant 
fér utlindska lisare, ar enligt Styrelsens uppfattning mot bakgrunden av 
Forhandlingarnas nuvarande stora spridning utomlands synnerligen bea 
tansviird. Vid sina fortsatta G6verviganden har Styrelsen dirfor ansett 
lampligt, att samthiga uppsatser pa skandinaviskt sprak forses me 
dversittning av titel och figurtexter férutom sedvanlig abstract pa inters 
nationellt sprak, och att de 6versatta titlarna inforas i innehallsforteckningen 
som helst bér géras lattare lashg. Det knappa utrymmet pa Forhandlingarna 
framsida ricker da ofta icke. Innehallsférteckningen fér haftena maste diarfé 
flyttas till annan plats och da biist till omslagets sista sida. Diirigenom vinne 
eae att den kan sittas littéverskadligt med stérre, bittre lasba: 
stilsort. : 

Omslagets forsta sida bibehalles 1 6vrigt med haivdvunnen typografi o ch 
uppstallning, men kan genom innehallsférteckningens flyttning fa ett »rena re 
och estetiskt mera tilltalande utseende. Slutligen har saval forsta omslags} 


sidan som innehallsforteckningen férsetts med anvisningar pa engelska. At 


infora en engelsk undertitel for tidskriftens namn ar diiremot av biblioteks 
tekniska skal avgjort olampligt. 


Styrelsen | 
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Anmilanden och kritiker 


PavuL Rampour: Die Erzmineralien und ihre Verwachsungen. 
Akademie Verlag Berlin, 1955. 875 s., 543 textfigurer. | 


I bérjan av 1930-talet presenterade de bada tyska forskarna H. Schneider- 
jhn och P. Ramdohr gemensamt sin samlade erfarenhet inom malmmikro- 
opi i det stora verket »Lehrbuch der Erzmikroskopie, I och II» vilket blev 
y utomordentlig betydelse for systematiska undersékningar av mineral- 
sociationer, dir opaka mineral spela en framtraidande roll. Detta verk 
drog i hog grad att stimulera till anvindning av malmmikroskop vid stu- 
um av malmers mineralassociationer och strukturer virlden runt och det 
ev lika sjalvskrivet att en monografi dver en malmfdrekomst skulle inne- 
“y ett malmmikroskopiskt avsnitt som att i ett allmant petrografiskt 
ete skulle inga undersdkningar i vanligt polarisationsmikroskop. 
Genom de manga nya arbeten inom malmmikroskopi som efterhand pre- 
nterades framtradde emellertid snart behovet av en komplettering av det 
‘an omnamnda verket. Genom andra varldskriget blev detta projekt stallt 
_ framtiden men 1950 utkom ay Ramdohr »Die Erzmineralien und ihre 
rwachsungen», vilken i huvudsak motsvarade del II av »Lehrbuch der 
zmikroskopie» av 1931, dar de olika mineralens karakteristika av betydelse 
¢ diagnostiken voro redovisade. I verket av 1950 aignar Ramdohr, sasom 
eln anger, dven ett speciellt intresse at olika strukturtyper i malmer och 
skuterar deras genetiska innebord. 
Ar 1952 utkom av H. Schneiderhdhn »Erzmikroskopisches Praktikum», 
ken i huvudsak kan sagas representera en andra, om din ratt starkt om- 
yetad upplaga av »Lehrbuch der Erzmikroskopie, del I, 1934», dir optiska 
hallanden, instrumentalutrustning och olika diagnostiska metoder be- 
evos. Detta nya verk innebar ett ytterst vilkommet komplement till 
mdohrs »Die Erzmineralien und ihre Verwachsungen» bl. a. dirigenom 
det innehdll bestimningstabeller av stort varde for orienterande dia- 
a vilka dirjamte genom sidhanvisningar direkt anknyter till Ramdohrs 
av 1950. 
Nar professor Ramdohr nu funnit motiverat att redan efter fem Ar utgiva 
ny upplaga av »Die Erzmineralien etc.» har val detta sin grund i att nya 
tillkommit, vilka icke bora saknas i handbok 6ver malmmikroskopi, 
skall gora ansprak pa att vara i mojligaste man aktuell och komplett. 
e minst torde Ramdohrs egna, traget bedrivna studier av malmmineral- 
ociationer fran snart sagt alla delar av jordklotet ha verkat stimulerande 
etta hanseende. Den personliga erfarenhet, sikerligen enastaende 1 sitt 
, som han harigenom férvarvat borgar fér att alla tinkbara krav pa 
sidighet vid valet av exempel till beskrivningen och karakteristiken 
ineral eller strukturer blivit tillgodosedda. 
d betraffar disposition och allman upplaggning éverensstammer den 
upplagan i huvudsak helt med den foregaende. I de kapitel, som behandla 
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strukturerna, ha nya synpunkter bl. a. rorande forsék till en generell systema 
tik tillfogats. Beskrivningen av de olika mineralen, deras diagnostiska karak- 
teristika, associationstyper etc. foljer samma disposition, som forekom 1 
foregiende upplaga och som i huvudsak forelag redan i »Lehrbuch der Erz4 
mikroskopie» av 1931. Detta ar emellertid ingalunda nagot fel — den som 
har haft anledning att sjalv syssla med malmmikroskopi kan vitsorda, att 
saval for rutinmikroskopering som for undervisning 1 malmmikroskopi am 
den valda framstillningsformen i utomordentligt hog grad andamalsenlig\ 
Att emellertid samma disposition kunnat brukas 6ver en tidrymd av 24 ay 
leder ju osdkt till den reflexionen, att de instrumentella hjalpmedlen och der 
allminna arbetsrutinen, till sina huvuddrag féga andrats under namndél 
tidrymd. 

Den nya upplagans omfang har vasentligt utokats framst genom tillkomster 
av en stor mangd nya, ofta synnerligen expressiva och karakteriserande 
mikrobilder. Genom att battre papper kommit till anvandning an 1 forma 
upplagan har dven bildkvaliteten i visentlig grad forbattrats. Man iar sirskili 
tacksam for denna Ramdohrs férstaelse for bildmaterialets betydelse — icke 
minst fér undervisning i malmmikroskopi ar ett representativt bildmaterias 
agnat att-verka stimulerande och klarlaggande. 

Liksom i foéregaende upplaga agnas ett kapitel at betydelsen av ma 
mikroskopiska undersékningar fér fragestallningar av teknisk natur, darvi¢ 
framst for anrikningsproblem. Denna framstallning har utvidgats med * 
resultat erhallna genom att férbattrade preparat kunnat framstiillas sedam 
foregaende upplaga publicerades. 

Sammanfattningsvis vill anmilaren uttala den formodan, att detta verh 
liksom de tidigare editionerna kommer att visa sig vara en oundgingly 
hjalpkalla fér alla som ha att syssla med malmmikroskopi — antingen mé 
sittningen ar av rent vetenskaplig eller av praktisk-teknisk natur. . 
Sven Gavelin | 

t 


Traitéde Zoologie. Publié sous la direction de Pierre- 
Grassé. Tome XII: Vertébrés: Généralités, embryo! 
topographique, anatomie comparée, caractéristiques Db 
chimiques. Masson et Cie. Paris 1954. 1146 s. 773 fig. Pi 
inb. 10550 fr. 


Sasom av titeln framgar, behandlar foreliggande volym ryggradsdju 
ur allmainna synpunkter. Det ar omdjligt att har ga in pa nagon detaljkr 
vare nog sagt, att boken utgér en fast grund for studiet av inte blott de 
vande utan ocksa de fossila ryggradsdjuren. Varje organsystem beskrivs 
diskuteras for sig, varvid den utvecklingshistoriska aspekten kommer 
till sin ratt. Sarskilt framtriidande ar denna i ett kapitel om »Le prob 
du crane» (s. 553—604) av J. Piveteau och i ett kapitel om fenornas och e 
miteternas uppkomst (s. 710—790) av C. Devillers. Av stort intresse 
bed6mandet av relationen mellan chordaternas olika stammar och ev 
braterna ar det avslutande biokemiska kapitlet (s. 1064—1088) av M. Flork 
Illustrationsmaterialet star i toppklass, och liksom i tidigare utkomna vo 
mer (jfr G. F. F. bd 71, s. 626; bd 72, s. 479; bd 75, s. 414) glider man s 
det forniamliga verkets absolut férstklassiga yttre drikt. 

G. Regnéll 
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Evolution des sciences. Masson et Cie. Paris. 7. M. 
Guinochet: Logique et dynamique du peuplement végétal. 
1955. 143 s. 4 pl. 1 tab. 32 fig. Pris 880 fr. 


Boken anknyter till den geologiska amnesgruppen genom att agna ett 
nledande kapitel — och dven senare avsnitt — at vixtrikets utveckling, 
1armast 1 anslutning till L. Emberger, vilken bl. a. havdar angiospermernas 
olyfyletiska ursprung. F. 6. diskuteras flera for paleontologer och kvartar- 
eologer relevanta forhallanden, sisom vaxternas geografiska spridning och 
leras beroende ay edafiska och klimatiska faktorer 


G. Regnéll 


#rensen mellom Trondhjemsfeltet og sparagmittomradet i sydgest 
Av 


OLarF HoLtTEDAHL 


I anledning en uttalelse av B. Asklund i hans artikkel »Norges Geologi och 
jallkedjeproblemen» i G. F. F., 77, hefte 2, har statsgeolog Per Holmsen i 
efte 3, s. 433, offentliggjort et innlegg hvor han omtaler at det har »sneket 
eg inn en misforstaelse vedrorende den norske oppfatning av forholdet 
ellem Trondhjemsfeltet og sparagmittomradet i sydost». Han skriver at 
Mlisforstéeleen skyldes vesentlig en unoyaktighet ved Holtedahls bruk av 
et norske sprog» osv., og han henviser til kartbladbeskrivelsen Tynset 
N. G. U. 175, 1950) hvor han s. 27, med hensyn til Trondhjemsfeltets tek- 
mniske stilling, gir uttrykk for den oppfatning at det dreier seg om yet ovre 
<yvekompleks (ett eller flere underordnete skyvedekker) der er skjovet frem 
ver det undre skyvedekke, som bestar av pressete lyse sparagmitter’). 
Holmsen er her ikke oppmerksom pa at den del av teksten til Norges 
eologi hvor kaledonen behandles, er trykt for hans nevnte avhandling av 
950 forela (sml. mitt forord s. III). Holmsens arbeide er derfor heller ikke 
ed i litteraturfortegnelsen i Bind I, men er oppfort i den supplerende litte- 
turliste som finnes som et tillegg, i Bind II. Under utarbeidelsen av teksten 
1 det avsnitt det her gjelder, hadde jeg som nyeste kilde Per Holmsens 
*beide av 1943 om geologiske og petrografiske undersokelser i omradet 
ynset — Femunden (N. G. U. 158) og jeg har gjengitt hans oversiktskart 
arfra pa s. 287 i N. G. Forovrig er det heller ikke pa Holmsens (sort-hvitt) 
versiktskart i avhandlingen av 1950 klart angitt noen skyvegrense mellom 
» to hovedomrader det her gjelder. Pa fargekartet som ledsager N. G. og 
m var ferdigtrykt i 1953, er det lagt inn en skyvegrense der Holmsen etter 
n i teksten anforte oppfatning mener den skal ga. 

n 
¢ 


563060. G.F.F. 1956. 
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Jarnframstallning i Kina férr och nu jimte en kortfattad beskriv- 
ning av Kinas viktigaste jarnmalmer och deras olika typer 


Av 
F. R. TEGENGREN 


Det foredrag med ovanstadende titel, som professor E. T. Nystrom holl vid 
foreningens decemberméte, pakallar en kritisk klarlaggning fran min sida. 
Foredraget var namligen i mer an ett avseende egendomligt. For det forsta 
emedan det allenast till halften behandlade det amne som titeln angav; 
for det andra emedan denna sistnamnda halft var — utan vederbéorligt angi- 
vande av kallan — saval ifraga om den muntliga framstallningen som de ~ 
forevisade ljusbilderna direkt hamtad ur en 1921—1923 av Geological Survey 
of China utgiven monografi med titeln The Iron Ores and Iron Industry of 
China. Ur detta verk var ocksa hiamtad den hektograferade dversikt av fére- 
kommande jarnmalmstyper, som utdelades till ahdrarna och som avtryckts 1 
Forhandlingarna (Bd 77, sid. 639—640). Denna 6versikt var nastan allt vad 
som meddelades i denna for auditoriet mest intressanta del av amnet. Det 
enda nya som férekom var en serie kommunistiska propagandabilder, visande 
bl. a. statliga stalverk och andra industriella anlaggningar samt en grupp — 
kommunistiska malmletare, vilken med nationalflaggan i spetsen tagar ut 
till dagens arbetsfalt. Om den nya kunskap, som tillkommit och den ut- © 
veckling som forsiggatt under de trettio aren sedan utgivningen av ovannamn- | 
da verk, hade N. 1 6vrigt ingenting att meddela, trots att han hela denna tid © 
varit bosatt 1 Kina. Man fragar sig darfér av vilken anledning och i vilket 
syfte han framtratt med detta foredrag, som han utan tillgang till verket 
ifraga skulle varit helt urstandsatt att halla. Svaret kanske framgar av det 
foljande. 

Hela foredraget var sa upplagt, att N. framstod som huvudpersonen i | 
den grupp svenskar, som 1914 pabérjade en undersékning av Kinas jarn-— 
malmsfyndigheter. Han omnimnde visserligen under framstillningens gang, 
att gruppen utom honom sjalv bestod av professor J. G. Andersson, Tegengren 
samt borrf6rmannen i Svenska Diamantbergborrnings-AB, ©. F. Erikson. | 
Men att den forstnimnde i egenskap av “Mining Adviser to the Chinese | 
Government” var chef och primus motor i foretaget och vi andra endast | 
hans assistenter klargjorde han inte. Och den enda antydan han gav om _ 
jarnmalmsbokens existens var ett omnimnande en passant av »Tegengrens 
rapport». hh 

N:s insatser i jarnmalmsundersékningarna under vart treariga samarbete 
inom Kinas Geological Survey voro i sjilva verket mycket sma och begransade | 
till det forsta arbetsaret. Diarefter avkopplades han fran dessa undersok- | 
ningar och tilldelades en annan arbetsuppgift, for vilken man ansag honom 
battre lampad. Hans friimsta insats betraffande jarnmalmerna var den han 
sjdlv framhéll, nimligen att han upptiickte ett avsnitt av Hsiian Lung jarn-_ 
malmsstraket, men hirvid dirigerades han pa forhand av Andersson (som | 
dran av sjilva uppdagandet av detta egenartade och betydelsefulla malmfalt 
tillkommer) till det misstiénkta omradet, och hans karta dver denna del a 
malmfaltet maste senare underkastas en ratt drastisk revision. For ovrigt 
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inskrankte sig hans bidrag till en férsta dverdriven rapport betraffande en 
mindre jarnmalmsférekomst i Honan: nagra andra fyndigheter fin de nyss- 
namnda har han mig veterligen aldrig besokt. 

Mitt arbetsprogram upptogs huvudsakligen av att undersika de prekamb- 
riska jarnmalmerna i nordéstra Chihli, de talrika och ekonomiskt viktiga 
kontaktmalmerna i Yangtsedalen ivensom de tidigare dverskattade, kar- 
boniska Shansimalmerna jaimte den pa dessa baserade egendomliga jarn- 
hanteringen. 

Ar 1917 upphorde savil N:s som min egen anstillning hos Geological Survey, 
och efter min hemresa till Sverige fortsatte prof. Andersson dnnu ett par ar 
ensam jiérnmalmsundersékningarna, bl. a. av kontaktmalmerna vid Ching 
Ling Chen i Shantung och Feng Huang Shan nara Nanking, men hans intresse 
och arbetsuppgifter hade efterhand, tack vare av honom gjorda intressanta 
upptackter, alltmera linkats pa arkeologiska och paleontologiska probiem. 

Efter att jag ar 1921 atervint till Kina i privat tjinst, atog jag mig upp- 
draget att pa fritid bearbeta och samordna hela det foreliggande materialet, 
att komplettera detsamma med ur litteraturen himtade uppgifter avensom, 
i man ay tillfalle, genom besdk vid annu obeskrivna malmfialt. Slutligen 
skulle jag for publicering redigera och fardigskriva det hela. Dessutom ingick 
iplanen en exposé dver den radande jarnsituationen inom hela det circum-paci- 
fiska omradet. Under tva ar agnade jag hela min disponibla tid At dessa 
arbetsuppgifter, varunder jag ocksa blev i tillfalle att besdka och inforskaffa 
material fran de stora prekambriska jarnmalmsfilten i Manchuriet. P& grund 
ay dessa mina senare insatser blev jag dvertalad att sté som ensam forfattare 
till det publicerade verket, vilket slutligen kom att tillsammans med en 
kinesisk 6versittning omfatta tva band text med 46 textfigurer, 35 planscher 
samt en atlas av 39 kartor. 

Av ovanstaende framgar, att N:s bidrag till detta verk icke aro av nagon 
avsevard betydelse. Nej, hans verkliga fértjanster ifraga om dess tillkomst 
ligga pa ett annat plan och tillhéra sakens forhistoria. N. hivdade i sitt 
foredrag, liksom tidigare, att presidenten Yuan Shih-kai’s intresse for och 
bifall till Anderssons anstallande av kinesiska regeringen vanns tack vare en 
framstallning av honom genom Yuan’s radgivare, den norskfédde general 
J. W. Munthe. Sa enkel dir vil saken knappast. Munthe var ingen person av 
nagon hdgre resning och sin position hade han uppnatt som tack for trogen 
tjanst aven under de ar da Yuan’s stjirna var i nedan. Hans inflytande var 
nog svagt, och det erfordrades darfor sikerligen en ganska val beredd jord- 
man for att ett av honom framstallt forslag skulle sla rot. Och denna forut- 
sattning forelag utan tvivel. Det trangande behovet av biattre kaénnedom om 
landets jarnmalmsresurser stod klart for presidenten, som umgicks med 
planer att grunda en egen jirnverksanlaggning, helt fristaende fran den vid 
Hanyang nara Hankow, vilken rakat i japanskt beroende. Vidare hade det 1 
samband med geologkongressen i Stockholm 1910 utgivna symposiet “The 
iron Ore Resources of the World” vickt till liv ett varldsomfattande intresse 
‘6r jarnmalmsfragan, och den energiske initiativtagaren och genomféraren av 
letta pioniadrverk, kongressens generalsekreterare professor J. G. Andersson, 
com att framsta som den eminente jérnmalmsexperten. Marken var salunda 
vil forberedd, nar svenske envoyen G. O. Wallenberg upptog underhandlingar 
-anstillningsfragan, vilka ledde till positivt resultat. Tack vare Anderssons 
atryckning pa vederbérande blev sedan ocksa N. anstilld. 


y 
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Det_ovan anférda torde tillfyllest visa, att N:s syfte med foredraget endast 
kan ha varit att med utnyttjande av andras arbetsresultat infor foreningen ~ 
framhava sig sjalv, i tro att ingen bland ahérarna skulle genomskada bluf- — 
fen. Hans handlingssatt har krankt mitt sinne for fair play, och endast av — 
denna anledning har jag tagit till orda i saken. 
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Motet den 12 januari 1956 
Narvarande 50 personer. 


Ordf6randen, hr Collini, 6ppnade métet med féljande anférande: 


Den 14 december 1955 avled i Wien professor Dr. phil. Alexander 
Kohler. Fédd i Wien ar 1893 studerade han vid darvarande universitet 
och promoverades till Dr. phil. ar 1922. Han utndmndes 1928 till 
Privatdozent 1 mineralogi och petrografi vid universitetet i Wien samt 
blev ar 1935 titularprofessor vid samma universitet. Aren 1942—45 var 
han Ordinarius i mineralogi vid universitetet i Posen och 1948—54. 
anyo professor vid Wiens universitet samt fran 1955 professor i mi- 
neralogi och petrografi vid Tekniska hégskolan i Wien. 

I sin vetenskapliga produktion har professor Kohler behandlat bl. a. 
faltspaterna, cordieritsynteser, luminiscens och fluorescens hos nagra 
mineralgrupper, termoluminiscens hos mineral och bergarter samt 
trografiska problem. Sarskilt kind gjorde han sig genom sina under- 
sdkningar dver plagioklasernas hég- och lagtemperaturoptik. Han har 
tgivit tvenne lirobécker, »Das Bestimmen der Minerale», 1949, och, 
ilsammans med F. Raaz, »Bau und Bildung der Kristalle», 1953. Han 
tuderade vid Stockholms hégskola varterminen 1920. Var férening 
illhérde han som staéndig ledamot sedan sistnimnda ar. 

Jag lyser frid 6ver hans minne. 


Styrelsen har till ledaméter i Foreningen invalt: Dr Moshe Ben-Yair , 
srael, féreslagen av hrr Beskow och Bergstrom, dring. Togan 8. Onay , 
‘urkiet, foreslagen av hr Gabrielsson. 


Herr A. Metzger héll foredrag om: Finlands berggrund, 
n presentation av och kommentarer till H. 
ayrinens bok. En uppsats i amnet ar avsedd att inflyta i ett 
ommande hafte av Forhandlingarna. 


Med anledning av féredraget yttrade sig hrr Asklund, N. H. Magnus- 
on, Bergquist, J. Eklund och foredragshallaren. 


Vid sammantradet utdelades N:o 483 av Forhandlingarna. 
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Métet den 2 februari 1956 


Narvarande 50 personer. 


Forskningsrad tilldelat opeceee 21 000 kr. sasom i till tryck- 
ning av Forhandlingarna under ar 1956. 


Hr Odman lamnade en kort redogirelse for Dellenundersékningens © 
tillkomst, varefter teknolog L. Redaelli héll ett av karta, ljusbilder — 
och stuffer belyst féredrag med titeln: Geologien tar grod-_ 
mannen i sin tjénst. Dykning efter dellenit im 
ele m6 1.0. 2-10 a. 


En uppsats i amnet dr avsedd att inforas i ett fdljande hafte av 
Forhandlingarna. . 


Med anledning av féredraget yttrade sig hrr Loostrém, Rudberg, — 
Odman samt féredragshallaren. . 
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Geologiska fiéreningen sinder sina forhandlingar sisom publi- 
kationsbyte till féljande Sillskap, institutioner ete. i utlandet 


WA delaide 
Albany 

* Ankara 
Baltimore Md 
Basel 

Bergen 

Berkeley Cal. 
Berlin 
*Berlin-Nikolassee 
‘Bern 

Blindern ved Oslo 
‘Bonn 

‘Bonn 

‘Bremen 
Brisbane 
Bruxelles 
Budapest 
Budapest 
‘Budapest 
‘Budapest 
Buenos Aires 
Buenos Aires 
Buffalo 

Calcutta 
Calcutta 
Cambridge Engl. 
Cambridge Engl. 
Cambridge Mass. 
Chapel Hill N. C. 
Charlottenlund 
Jhicago 

Shicago 
Sleveland Ohio 
Yolumbus Ohio 
Delft 

Jenver Col. 
idinburgh 


betyder att bytet sker genom Sveriges geologiska undersdkning. 


Royal society of South Australia. 

New York state library. 

Geological society of Turkey. 

Department of geology, mines and water resources. 
Universitets- Bibliothek. 

Universitetsbiblioteket. 

University of California library. 

Staatl. geologische Kommission Zentralbibliothek. 
Gesellschaft fiir Erdkunde. 

Geologisches Institut der Universitet. 

Norsk geografisk selskab. 

Naturhistorischer Verein der Rheinlande und Westfalen. 
Geologisches Institut der Universitit. 
Naturwissenschaftlicher Verein. Staatsbibliothek. 
University of Queensland. 

Institut Royale des sciences naturelles. 

Magyar allami foldtani intezet. 

Library of the Museum of natural history. 

Magyar tudomanyos akademia kényvtara. 
Hidrologiai kézlony. 

Direccion nacional de mineria. 

Museo argentino de ciencias naturale. 

Society of natural sciences. Research library. 
Geological survey of India. 

Geological, mining and metallurgical society. 

Scott Polar research institut. 

Department of mineralogy and petrology. University. 
Massachusetts institute of technology. Hayden library. 
University of North Carolina library. 

Danmarks geologiske underségelse. 

Chicago Natural history museum library. 

John Crerar library. 

Western Reserve university library. 

Chemical abstracts. State university. 

Kon. Nederlandsch Geologisch mijnbouwkundig Genootschap. 
U.S. Geological survey. 

Geological survey. 

Geological society. 

Geologisches Institut der Universitat. 
Senckenbergische naturforschende Gesellschaft. 
Universitiats- Bibliothek. 
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*Fukuoka Japan 
*Geneve 
*Glasgow 
*Graz 
Greifswald 
*Greifswald 
*Gottingen 
Halifax 
Halle 
Hamburg 
Hamburg 
Hannover 
Hannover 
*Hannover 
*Le Havre 
* Heidelberg 
Helsingfors 
Helsingfors 
Helsingfors 
Helsingfors 
Helsingfors 
Helsingfors 
*Helsingfors 
Helsingfors 
Jena 
* Johannesburg 
Kawasaki Japan 
Kiel 
*Krakow 
Krakow 
K6penhamn 
Kopenhamn 
K6penhamn 
K6openhamn 
*Lausanne 
*Leeds 
*Leiden 
*Leipzig 
Leningrad 
*Liége 
*Lille 
*Lima 
Lissabon 
*Lissabon 
*Liverpool 
Ljubljana 
London 
London 
*London 
London 
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Department of geology. Faculty of science. 
Société de physique et d’histoire naturelle. 
Geological society. 

Naturwissenschaftlicher Verein fiir Steiermark. 
Geologisch-paliontologisches Institut der Universitat. 
Universitats- Bibliothek. 

Akademie der Wissenschaften. 

Nova scotian institute of science. 

Deutsche Akademie der Naturforscher. 
xeologisches Staatsinstitut. 

Staats- und Universitats-Bibliothek. 
Deutsche geologische Gesellschaft. 

Amt fiir Bodenforschung. 

Deutsche Quartarvereignigung. 

Société géologique de Normandie. 
Geologisch-palaontologisches Institut der Universitat. 
Geologiska forskningsanstalten. 

Societas geographica fenniz. 

Universitetets geologiska institut. 
Geografiska institutionen vid universitetet. 
Hydrografiska byran. 

Finska forstsamfundet. 

Finska fornminnesforeningen. 

Suomalainen tiedeakatemia. 
Mineralogisches Institut der Universitat. 
Geological society of South Africa. 
Geological survey of Japan. 
Naturwissenschaftlicher Verein fiir Schlesvig-Holstein. 
Akademia umiejetnosci. 

Geological society of Poland. 

Dansk geologisk forening. 

Mineralogisk museum. 

K. Danske geografiske selskab. 
Universitetets geografiske laboratorium. 
Société vaudoise des sciences naturelles. 
Yorkshire Geological society. 
Geologisch-mineralogisch institut. 
Sachsische Akademie der Wissenschaften. 
Bibliotéque de Academie des sciences. 
Société géologique de Belgique. 

Société géologique du Nord. 

Sociedad geologica del Peru. 

Servicos geologicos de Portugal. 

Sociedad geolégica de Portugal. 

Geological society. University library. 
Geoloski zavod LRS. 

Geological survey and museum. 

Geological society. 

Geologist’s association. 

The Science library. 
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London 
Madison Wisc. 
Madrid 
Mendoza Arg. 


Menlo Park Cal. 


Mexico 
Minneapolis 
Montreal 
Miinchen 
‘Nagoya Japan 
Nanking 
Nancy 
‘New Haven 
New York 
New York 
Oslo 
Oslo 
‘Oslo 
Ottawa 
Paris 
Paris 
Paris 
Peking 
Penzance 
Perth 
Philadelphia 
Praha 
Pretoria 
Rennes 
Quebec 
Rochester 
Rock Island 
Roma 
Roma 
Roma 
Rostock 
San Diego 
san. Francisco 
sa0 Paulo 
Japporo Japan 
ocorro 
sofia 
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The Iron and steel institute. 

Wisconsin academy of sciences, arts and letters. 
Instituto geologico y minero de Espana. 
Instituto de geografia. 

U.S. Geological survey. 

Instituto de geologia de la universidad. 
University of Minnesota library. 

Me Gill university library. 

Bayerische Akademie der Wissenschaften. 
Institute of earth sciences. Faculty of sciences. 
Geological society of China. 

Ecole national supérieur de géologie appliquée. 
American journal of science. Yale university library. 
Academy of sciences library. 

American museum of natural history library. 
Norges geologiske undersékelse. 

Geologisk museums bibliotek. 

Universitetets oldsakssamling. 

Geological survey of Canada. 

Société géologique de France. 

Société francaise de minéralogie. 

Bibliotéque de l’école des mines. 

Academia sinica library. 

R. Geological society of Cornwall. 

Geological survey of Western Australia. 
Academy of natural sciences library. 

Usredni ustav geologicky. 

Geological survey. 

Société géologique et minéralogique de Bretagne. 
Le Naturalist Canadien. 

Rochester Academy of sciences. 

Augustana College. 

Servizio geologico d’Italia. 

Societa geologica Italiana. 

Accademia nazionale dei Lincei. 

Archiv der Freunde der Naturgeschichte. 
Society of natural history. 

California Academy of sciences. 

Instituto geografico e geologico. 

Department of geology and mineralogy. 

New Mexico Bureau of mines and mineral resources. 
Bulgarische geologische Gesellschaft. 

Stanford university libraries. 

Service de la carte géologique. 

Fisher library. University. (For Geological survey.) 
Mineralogical petrographical institute. University. 
Geological society of Japan. 

Geological institute. Faculty of science. 
Canadian institute. 

Tromsé museums bibliotek. 
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Trondheim 
Trondheim 
Tiibingen 
Urbana 

*Vancouver 
Warszawa 
Warszawa 
Washington 
Washington 
Washington 

*Washington 
Wellington 
Wellington 
Wellington 

*Viborg Danm. 
Wiesbaden 
Wien 

*Wien 
Wien —. 
Vollebekk 

*Zaragoza 
Abo 

* Abo 


Det tredje nordiska geologiska vintermétet kommer att hallas 1 Helsing 
fors efter nyar 1958. Som métets ordforande kommer professor K. Rankam 
att fungera. Sekretariatets adress ar: fil. dr. J. Donner, Geol. inst. Universt- 
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Den glaciala utvecklingen inom Sydsyenska héglandets 
vaistra randzon 


II 


Sista avsmiiltningstidens ackumulationsformer 


With an English summary 
Av 


GUNNAR GILLBERG 


Inledning 


I en foregaende uppsats (Gillberg 1955) har den glaciala initialut- 
ecklingen inom undersékningsomradet behandlats. Denna redogérelse 
ri huvudsak helt fristaende fran den som har foljer. Det inledande 
apitlet om terrangen har dock viss betydelse for forstaelsen av acku- 
ulationen under isavsmaltningen. De under denna tid uppkomna mor- 
logiska ytformerna kunna diskuteras fran mycket olika utgangspunk- 
r (jfr t. ex. Halden 1923, Lundqvist 1940, 1943). I stort synes mig dock 
ppkomstsattet, d. v. s. i verkligheten isens reaktioner under ackumu- 
tionen, vara limpligast fér en typologisk gruppindelning (jfr Flint 
930 a). 


Recessionsbildningar 


Denna grupp omfattar sidana ytformer, som uppkommit under 
lativt kontinuerlig recession. Blott kortare vinteruppehall ha av- 
utit denna. 

De typiska 4rsmordnerna torde fa raknas hit, trots att de till upp- 
mmstsittet aro stagnationsbildningar eller t. 0. m. oscillatoriska. 
ym ytform betraktade, ange de dock en recession. Da emellertid inga 


1 Den mest typiska recessionsbildningen ar utan tvekan ytmoranen. Férekomma icke 
dliga ytformer, ar det dock ofta svart att avgéra detta. Ytmorin kan namligen ocksd 
_avsatts vid stagnationer eller dédisavsmiltning (jfr Bjérsjé 1949, s. 264). 
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arsmoraner forekomma inom omradet, finns ingen anledning att nar-_ 
mare diskutera deras betydelse som avsmaltningsbildning. 

I dvrigt kunna recessionselement endast sdkas bland asformerna, 
Blott en enda typ synes emellertid kunna karaktariseras som recessions- 
4s (Shaler 1884, De Geer 1897, 1940, s. 54, Hershey 1897). Forutom att 
en successiv recession maste ha agt rum, ha aven terréngens utseende 
och djupforhallandena vid ackumulationen spelat stor roll for uppkoms-_ 
ten av dylika asar med »arliga» gruscentra. Bergsten (1943, s. 173) har ~ 
kraftigt understrukit dessa betingelser och framhallit, att denna asform | 
sannolikt endast torde forekomma inom »omraden, som legat djupt. 
under hégsta stranden och pa arealer, dar isrecessionen gatt jémnt och - 
utan storningar» (jfr ven Ahlmann 1935 b, s. 666). Inom starkt bruten _ 
terring torde salunda recessionsasar knappast ha bildats. Detta fram- - 
gar tydligt inom undersdkningsomradet, ty icke nagon av de fa fore-- 
kommande asarna kan rubriceras som recessionselement. Det glaciflu- - 
viala materialet ar av helt annan typ och har uppstatt under helt andra . 
betingelser. 

Det ar givetvis icke mojligt, att dra for Tey ern slutsatser ay ~ 
det férhallandet, att inga recessionsbildningar finnas. Franvaron ay ~ 
sadana frontala former synes emellertid antyda en mer passiv an aktiy | 
s (Flint 1942). 


Oscillations- och stagnationsbildningar 


Dessa typer kunna med fordel behandlas gemensamt, da de ofta 
ha uppkommit samtidigt eller atminstone under samma avsmiiltnings- - 
intervall, ibland tillsammans bilda markerade randstrak och i manga | 
fall tyvarr icke kunna klart atskiljas. . 

Oscillationer pavisas sikrast genom moran dverlagrande annat ma- 
terial (Lundqvist 1943, s. 111, Bjérsjé 1949, s. 262, Wennberg 1949). 


sidana nybildningar, aro ibland tryckpaverkningar, dverskjutningar 4 
o. d. markbara (Fuller 1914, Todtmann 1932, s. 2, Schott 1933, s. 57) 
66, K. Milthers 1935, s. 13, Gripp 1938, Woldstedt 1938, 1950, Lund: + 
qvist 1943, s. 111). Nar det giller verkligt formutbildade randnion aa 
ar fragan mer komplicerad. I de flesta fall synas de hanforas till av- | 
lastningstypen (Woldstedt 1929, s. 71, 1938, K. Milthers 1935, s. 13, . 
Flint 1947, s. 129), och finnas inga direkta bevis pa oscillationer, kan 
detta givetvis vara befogat. Det torde dock kunna ifragasittas, om } 
verkligen stora och val utbildade randmoriner kunna ha uppkommit 

1 En sadan lagring behéver icke alltid forutsatta isframstétar. Material i sekund 


lage kan aven forekomma, t. ex. tillfort genom isberg (von Engeln 1918, De Geer 1919, s- 
29) eller nedrasat genom skred. 
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d stagnationer genom enbart en avlastning fran isbrimet. Sarskilt 
ir de ha tillskarpt form, bottenmorin dominerar éver ytmoran, och 
yckpaverkningar framtrada, torde siikerligen israndsférskjutningar 
» agt rum, och verkliga hopskjutningsmoriiner férekomma? (Chamber- 
1 1894, s. 528, Blomberg 1905, s. 27, Munthe 1910. s. 1214, 1928, s. 81, 
odtmann 1932, s. 2, Schott 1933, s. 57, 66, K. Milthers 193D 8.13. 
ripp 1938, Woldstedt 1938). 

Manga stérre frontalvallar uppbyggas av bade moran och glacifluvialt 
aterial (Munthe 1906 a, s. 61, 1906 b, s. 68, 1924, s, 94, 1928, s. 81, 
arder 1908, Nelson 1910, s. 196, Ahlmann 1916, Brenner-Tanner 1930, 
vuramo 1931, Todtmann 1932, s. 1, Schott 1933, s. 66, Tanner 1933) 
. Milthers 1935, Flint 1941, Caldenius 1942, Bjorsj6 1949, Wennberg 
49, Wenner 1951). I regel uppfattas de som oscillationselement, och 
skiktstérningar, tryckpaverkningar och inveckningar forekomma, 
rde detta vara befogat. 

Aven morinryggar i direkt proximal anslutning till randdeltan kunna 
lhéra denna grupp. Men blott om mordanen dr tydligt dverskjuten 
er det skiktade materialet ar tryckpaverkat, kunna sikra oscillationer 
ras. Manga ganger torde sadana former vara rent fristaende fran 
randra, ehuru de ha uppkommit under samma stagnationsperiod, 
entuellt under olika faser av denna. 

Om salunda bland frontalelementen atminstone de stora randmora- 
na samt de sammansatta ryggarna synas vara oscillatoriska, aro de 
da typerna av hithérande glacifluviala komplex (randdeltan, rand- 
, sandur) alltid klara stagnationsbildningar. 

Bade oscillations- och stagnationselementen betraktas i regel som 
matiskt betingade, d. v. s. uppkomna da isranden framtrangt eller 
vit stationaér pa grund av klimatfluktuationer. Fér att kunna dis- 
era dessa forhallanden maste dock isens (och isbrimets) avsmilt- 
gsmekanik vara kind. Undersékningar av recenta glaciationsomraden 
ona delvis ge klarhet dari (Tarr 1908, 1909, Ahlmann 1935 a, b, 
8, 1939, 1940, 1942, 1944, 1948, Demorest 1937, 1942, 1943, Thora- 
sson 1937, 1939 a, b, 1943). Men ocksa ett studium avy de glacigena 
melementen kan bidraga dartill och frimst modifiera de foregaende 
taten (Penck-Briickner 1909, Woldstedt 1923, 1938, 1950, Flint 
8 a, b, 1929, 1930 a, b, c, 1942, K. Milthers 1935, Lundqvist 1940, 
3, Mannerfelt 1945, Bjorsj6 1949, Wennberg 1949). Dessa dro 
nligen icke i allt 6verforbara pa forhallandena under landisens 
maltning, dé inga av de nuvarande isomradena dro direkt jamfor- 
a med dem under nedisningarna (Ahlmann 1944, s. 635). 


ee torde med foérdel ocksa kunna kallas for oscillationsmoriner, 


stningsmoriner for stagnationsmoraner. 
ir 
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Isen synes framst avsmalta genom uttunning (jfr ovan cit. litt.), 
Sa lange som den icke ar helt dynamiskt déd, sker en transport fram 
till randen, delvis pa grund ay nytillférsel fran naéromradet, delvis pa 
grund av underlagets lutning. Nar uttunningen ar sa stor, att mer am 
den av de framatpressande isrérelserna tillforda mangden kan bortga,. 
iiger en successiv recession rum. Férsémras klmatet, sa att uttunningen, 
avtar, kan den nytillférda isen endast 1 mindre grad bortféras, och 
randens retratt gar langsammare. Stegras denna utveckling, uppnas till 
slut ett stadium, da uttunningen icke langre kan motverka istill 
forseln mot randen. Denna blir da mer eller mindre stationir. Minskar 
uttunningen ytterligare, sa att de framatpressande rorelserna an mer 
kunna gora sig gillande, kunna isframstotar komma till stand. Detta) 
senare forlopp accentueras 1 Annu hégre grad, om pa grund av tillskarpt) 
klimat en d6kning av ismassan ager rum. 

Aven isens miktighet ar sdlunda avgérande for denna utveekling. 
Okad uttunning medfér minskad sadan, vilket har till foljd, att iss 
rorelserna avta i storlek och hastighet. Endast mindre miéngd is kan 
framforas till randen, och denna kan déarigenom foérst bli stationar sedan) 
dverga i dédis. Uttunningen som sadan eller t. o. m. en 6kad dylik, kan 
alltsé medféra stagnationer (Holtedahl 1924, s. 44). Endast under av-+ 
smiltningens slutfaser torde emellertid dessa betingelser vara uppfyllda 
Men under laimpliga lokala forhallanden kan detta givetvis nar som 
helst vara mojligt, sirskilt langt fran néromradet eller om forbindelserne 
med detta avbrutits. : 

Om isranden upphérde i vatten eller pa land, har aven varit av be 
tydelse. I det senare fallet var recessionen enbart beroende av utt 
ningen, i det férra paverkades den aven utav kalvning (Tarr 19 
s. 37, Engell 1910, Sauramo 1923, s. 145). Pa grund darav kom randet 
att dra sig tillbaka snabbare an vad uttunningen egentligen féram 
ledde. Om vattnet utanfér brimet var salt eller sétt, har ocksa spele 
stor roll, likasa vattendjupet (Tarr 1912, s. 2, Sauramo 1923, s. 158 
Kalvningens omfattning synes aven paverkats av terrangens beskaf 
het. En markant skillnad har siikerligen férelegat mellan éppna slatt 
omraden och mer brutna trakter med smala, djupa dalstrak. Inom 
senare har kalvningen troligen starkt minskat, dels pa grund av 
satt vagpaverkan, dels pa grund av férekomsten av relativt stérre ma 
glaciérvatten med mindre smiiltverkan (Horner 1927, s. 94). 

Aven andra férhallanden an rent klimatiska kunna emellertid fo 
orsakat avbrott i recessionen. Oscillationer kunna ha uppstatt gen 
tryckforandringar 1 1isen pa grund av nytillférsel bakifran som utlésni 
pa grund av lutningen (Tanner 1915, s. 212, Ahlmann 1942, s. § 
Demorest 1942, Gillberg 1948, s. 479). Framfor allt pa sluttningar s 
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eller vid mynningar av branta dalstrak har detta varit mojligt. Aven 
nt lokala klimatférhallanden, vilka icke ha berott pa regionala fluk- 
lationer, kunna tillfalligt framtvingat kortvariga framstétar (Thora- 
nsson 1938, s. 503). Frontalelement uppbyggda vid dessa typer av 
scillationer forekomma emellertid troligen endast lokalt. Regionalt 
pptradande oscillationsbildningar aro daremot sikerligen klimatiskt 
stingade. Randstrak, som 6vervagande besta av sadana former, torde 
irfor ha uppbygets under perioder av tillskirpt klimat. 
Topografiska stagnationsbildningar, uppkomna under fortskridande 
tunning och recession, tyckas diremot vara mycket vanliga. Deras 
ge ha bestimts av mycket skilda orsaker. De helt terrangbetingade 
ementen ha avsatts vid trésklar och uppstickande bergspartier eller 
ir en dal trangs samman (Nelson 1910, Sundius 1922, s. 130, Holtedahl 
24, s. 52, Horner 1927, s. 91, Bjérsjé 1949). Allra vanligast upptrada 
, dar en smal dal éppnar sig mot en bredare sAdan eller mot ett slatt- 
nrade (De Geer 1909, Nelson 1910, Sandler 1917, Sundius 1922, Hor- 
r 1927, Lundqvist 1940, 1943, 1951, Bjérnsson 1942, Bergsten 1943, 
Iiberg 1948). Sarskilt om dalen med den ackumulerande isloben var 
_ djupbassaing, har isen ofta kommit att kvarligga anda till sin upp- 
sning (De Geer 1909, Sauramo 1923, s. 152, Gillberg 1948, s. 446). 
Dessa terrangférandringar torde dock endast indirekt varit orsak 
l stagnationer darigenom att dels vattendjupet, dels ytan for is- 
imtrangandet minskat. Kalvningen var mindre pa grunt vatten, och 
rskilt vid G6vergangen fran stérre till mindre djup avtog den markant 
er upphérde nastan fullsténdigt. Pa grund harav avtog recessionens 
stighet och storlek, dé den nu enbart var beroende av den egentliga 
smaltningen. I manga fall bley darfér isranden stationdr tills ut- 
pningen ater kunde géra sig gillande pa isbrimet, och en ny recession 
nde bérja. Detta forlopp har emellertid aven varit beroende av isens 
iktighet i forhallande till vattendjupet (Sauramo 1923, s. 151, Horner 
27, s. 93). Ju tunnare isen var, desto stérre betydelse ha némligen 
ipvariationerna haft, d. v. s. desto oftare kunde stagnationer komma 
stand. 

Allra mest utpraglade synas dessa férhallanden ha varit vid évergan- 
1 mellan sub- och supraakvatiskt omrade (Tarr 1909, s. 37, Sauramo 
13, Ss. 144, Horner 1927, s. 93, Cooper 1937, s. 48). All kalvning har 
phort, sa att randens recession enbart berott p& uttunningen. Stag- 
jioner torde darfér i sidant lage dels intraffat oftare, dels blivit mer 


variga. 
Risirimande trosklar, bergéar eller dalfortringningar torde dock 
kunnat fororsaka en delvis annan utveckling, sarskilt dar isens 
ktighet var relativt ringa. De ha sannolikt ofta varit initialpunkter 


: 
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for sprickbildning, varigenom storre eller mindre dédispartier kommit + 
att avsnoras (jfr Bjorsjé 1949, s. 264). Sarskilt 1 supraakvatisk terrang | 
har troligen detta forlopp varit det vanliga, vilket dominansen av in 
situ-avlagringar bar vittnesbord om (Tarr 1908, von Klebelsberg 1928, , 
Ahlmann 1938, Woldstedt 1938, Mannerfelt 1945). 

Till de topografiska stagnationsbildningarna kunna dven ham 
féras de deltan, vilka uppbyggts vid mynningarna av issjOavlopp. 
For deras tillkomst torde dock materialtillforseln varit den avgorande > 
faktorn, och sannolikt har den varit mycket stérre och snabbare am 
genom vanliga isilvar. Sadana deltan ha darfor_troligen uppbyggts pa 
mycket kortare tid an 6vriga typer. i) 

Forutom i sistnamnda fall har icke direkt diskuterats, huruvida morat 
eller glacifluvialt material ar dominerande inom klimatiskt resp. topo-+ 
grafiskt betingade randelement. Av betydelse fér denna fraga ar sam - 
skilt lagen om proportionen mellan dessa avlagringar — »slowly flowing 
but rapidly melting ice produces much stratified drift, whereas rapidly j 
flowing but slowly melting ice produces much tilly (Flint 1947, s. 129). 
Tydliga moranvallar kunna salunda knappast ha bildats utom da ut-: 
tunningen var ringa och en konstant rérelse mot randen agde rum}, ; 
d. v. s. under perioder med tillskiérpt klimat. Nar uttunningen forhérs: » 
kade, bildades i regel sa mycket smialtvatten, att det mesta av materialet ' 
iisen kunde omhandertagas av detta. Glacifluvialt material ar emellertid! 
ingalunda siillsynt i klimatiskt betingade randstrak. Aven da israndent 
var stationar under langre tid, och uttunningen relativt obetydlig, mast 
Atminstone under somrarna smiltvatten upptratt 1 st6rre mangd. Vi 
de topografiskt betingade uppehallen synes déremot isilvsmateria 


1 oe 


da dessa stagnationer icke betytt en minskad uttunning. 
Utmiarkande fér de klimatiskt betingade randformerna synes dess- 
utom vara deras flerfasiga utbildning, vilket bl. a. innebar att et 
sammanhangande strak bestar av flera successiva komponenter eller 
att en ytligt sett enhetlig bildning bestar av olika, efter varandrak 
avsatta delar. En sadan utformning kan svarligen ha uppkommit un 
en topografisk stagnation men ar forklarlig som uttryck for mindr 
svéngningar i en stérre klimatfluktuation (Caldenius 1942, s. 170): 
En utredning av randbildningarnas natur dr sdlunda ofta svar. Att 
pa ibland enbart mycket svaga grunder sammanbinda skilda eleme! 
till israndslinjer eller t. o. m. parallellisera de senare, ar darfér myck 
vanskligt (jfr Holtedahl 1924, s. 53). Detta galler framfor allt, da upp 
tradande randformer icke ligga i direkt kontakt med varandra elle 


1 Johnson (1941) har dock ansett, att A4ndmoraner kunna ha bildats aiven utanfo 
stagnerad dédis. 
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da relativt typiska bildningar saknas eller blott férekomma sporadiskt. 
Om méjligt bora darfér aven andra faktorer ge utslag i samma riktning. 
Eftersom ett tydligt samband synes rada mellan klimat och landhojning 
von Post 1938, 1947, 1948, Florin 1944, s. 612, Gillberg 1948, s. 484, 
1952, s. 100), kan den senares férlopp, som det nu framtrader i olika 
trandytors lutning, indirekt indicera israndsligen (Gillberg 1952). 
Ich kan issj6utvecklingen i detalj féljas inom ett omrade, kan atminsto- 
1e vid vissa tidpunkter israndens lage approximativt fixeras genom be- 
tamning av isytans lutning (Gillberg 1948, 1956). Aven konnektioner 
ned vegetationsutvecklingen eller noggranna varvmatningar kunna 
akrare fastlasa skilda strak till tid och typ. 


Efter denna diskussion av olika problem kan jag sa éverga till en 
edogorelse for omradets oscillations- och stagnationsbildningar fled). 
a helt skilda grunder synas tre markerade, klimatiskt betingade rand- 
trak kunna urskiljas. Det férsta tillhér helt kustslatten (De Geer 1893, 
, 8, 1910, Svedmark 1893, s. 30, Nelson 1910, s. 195, Caldenius 1942, 
990). Till 6vervagande del bestar det av randmoriner, som ligga ute pa 
jilva slatten eller inom utskjutande smarre dalpartier. De fdrra aro 
ntingen nastan ratlinjiga (t. ex. vid Grimeton, 88)! eller svagt skankel- 
6jda (t. ex. vid Varé, 76), de senare ha ofta formen av hastskoformiga 
agvallar (t. ex. vid Torpa, 85, Valinge, 86, Dagsas, 90). Vanligen ligga 
lordnerna samlade i grupper, och hela straket kan t. 0. m. uppdelas i 
<ilda dellinjer. Rena deltaavlagringar dro sallsynta (synbarligen endast 
id Dagsas, 90), och 4ven av sammansatta vallar ar blott en forekomst 
bserverad (vid Hunnestad, 89). 

Da moraner fullstaéndigt dominera samt straket* tydligt ar flerfasigt, 
mde dessa frontalformer 6vervagande vara oscillatoriska. Vid denna 
d var isen salunda fortfarande sa maktig och avsmiltningen sa ringa, 
t ett omslag i klimatet betydde verkliga isframstétar. Ismassan maste 
minstone vid randen varit aktiv, och endast allra ytterst hade dir och 
ar en lobering intratt. Terrdéngen har endast delvis bestaémt bildningar- 
as form och lage. Att straket uppbyggts under ett tidsavsnitt med 
liskirpt klimat, fastslas aven indirekt genom issjoutvecklingen och 
randytornas lutning inom omradet N harom. Vid denna tid intraffade 
landhOjningen ett sadant omslag, som ocksa senare dr klart samtidigt 
ed liknande frontala uppehall i recessionen (Gillberg 1956, jfr ne- 
in). 


1 Siffra efter i texten omnamnd bildning hinvisar till motsvarande nummer pa kartan 


1). 
2 i analogi med 6vriga randstrak inom omradet skulle detta kunna kallas »Hallands- 


yranen». 
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Foto fort. . 


Fig. 1. Planet och distalbranten pa randdeltat vid Rolfstorp (87). i 
The plain and distal slope of the terminal outwash-delta at Rolfstorp (87). 


Vid dvergangen mellan kustslatten och det brutna inlandet upptrader | 
nasta enhetliga randstrak. Av De Geer (1913, s. 405) har det benamnts + 
»Géteborgsmoranen»,? och i stort sett ar dess utstriickning faststalld { 
fran Goteborg i N till ungefar undersdkningsomradets sydgrans (De . 
Geer 1910, Caldenius 1942). 

Av bade moran och glacifluvialt material sammansatta ryggar finnas 
bl. a. vid Goteborg (Munthe 1924, s. 82), Lindome (58) (Nelson 1910, . 
s. 200, Caldenius 1942) och Fjaras (61) (Nelson 1910, s. 201, Wenner 
1951). I samthga fall upptrada dverskjutningar, inveckningar och pa | 
finmaterial 6verlagrad moran eller proximalgrus. Dessa element aro} 
salunda oscillatoriska. Vid Hjilmared (59), Gallinge-Idala (62), Veddige » 
(77) och Grimmared (78) forekomma stora komplex av enhetliga rand- 
moraner och randdeltan i heterogent men fritt férband (Caldenius 1942). | 
Inom Gallingeomradet aro de distala moranvallarna dominerande, i bv: 4 
riga fall isilvsmaterialet. Vid Veddige upptrada flera mindre, delvis> 
sedimenttackta morinryggar bade fore och efter de centrala delta} 
plataerna (Caldenius 1942, s. 166). Férutom vid Stensjén (60), dar en 
dast stora randmoriner finnas, utgéras Giéteborgsmoranens dvrig 
delar av randdeltan (75, 84, 87, 91). De sydligaste komplexen aro be-| 

+ Bjérsjé (1949, s. 303) har foreslagit benimningen »det stora gotiglaciala vistkust 


randstriket». Detta begrepp ir dock viil komplicerat, och dessutom forekommer ytterliga 
ett gotiglacialt viastsvenskt randstraik (Gillberg 1952, s. 99, jfr nedan). 
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Foto J. Martna. 
Fig. 2. Randmoranen vid Stackends (79), fran proximalsidan. 
The terminal moraine at Stackends (79), seen from the proximal side. 


gna betydligt lingre in i dalstraken. Blott Rolfstorps- (87) (tinsel), 
h Ullaredsdeltana (91) ligga dock vid évergangen till supraakvatisk 
rang och efterféljas mot N av supramarina isdlvsavlagringar. Till 
idstrakets avslutande fas hora sannolikt aven den maktiga moranval- 
| vid Stackends (79) (fig. 2) och randdeltat vid Karl-Gustaf (83). 

Vad som kanske mest frapperar ifraga om Géteborgsmordanen dr dess 
e i dalmynningar. Detta tyder starkt pa att det skulle vara topo- 
fiskt betingat. Vid denna tidpunkt hade dessutom de flesta storre 
idomraden N harom dykt upp ur isen (Gillberg 1956). Denna hade 
$4 Aven inom de mer proximalt beligna trakterna borjat ta intryck 
reliefen. Den naturliga utvecklingen borde darigenom blivit, att is- 
den vid de tranga dalmynningarna kom att sonderfalla i skilda lo- 
och en tid bli stationdér. Randbildningarnas egen morfologi och 
fasighet talar emellertid lika mycket for klimatiskt betingade uppe- 
| i recessionen (Caldenius 1942, s. 170), och aéven issjéutvecklingen 
arom och landhéjningens forlopp indicerar detta (Gillberg 1952, s. 
, 1956). Goteborgsmoradnen torde darfor ha utbildats under ett kli- 
aiskt betingat men av terrangen starkt accentuerat randlige. Men 
s. maiktighet hade borjat avta, och uttunningen kunde icke helt 
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undertryckas under stagnationen. Isfronten var delvis aktiv, delvis | 
passiv samt i sin helhet loberad. 

Omradets dvriga randformer besta av dels submarina element inom | 
de sydgaende dalstraken, dels supramarina sadana inom nordomradets | 
norra del. Overvagande utgéras de av tydliga stagnationsbildningar i | 
form av randdeltan. Pa morfologiska grunder kan darfor knappast | 
nagot enhetligt randlage konstrueras, sirskilt som de olika formerna | 
merendels ha mycket skiftande lage utan forbindelser med varandra, — 
Landhéjningens forlopp som det nu aterspeglas i de marina strandytor- — 
nas (von Post 1938, 1947), MG:s (Gillberg 1952) och issjénivaernas 
(Gillberg 1948, 1956) lutning, ger emellertid klara indikationer pa att | 
ett yngre, med Hallands- och Géteborgsmoranerna jamférbart rand: - 
strak utbildats inom omradets sydvastra dalgangar. Liksom dessa torde + 
det vara klimatiskt betingat men de skilda formerna dro till sitt lage ' 
helt bestaémda av terraéngen. Efter det viktigaste komplexet och 1 analogi - 
med ovriga randstrak kan det benémnas »Berghemsmoranen» (Caldenius + 
1942, s. 172). | 

Av hithérande former aro 1 synnerhet tva mer intressanta. Hyltenas- 
faltet (70) utgores av en starkt skankelbéjd och av flera mindre tvar | 
ryggar sammansatt randbage. Materialet ar G6vervagande glacifluvialt 
men sortering och skiktning ar dalig, och inspringd eller é6verlagrande 
moran forekommer ofta (Gillberg 1948, s. 445). Komplexet ar tydligen | 
hopskjutet fran N—NO och torde lampligen rubriceras som kame-moran ~ 
eller oscillations-kames (jfr Nelson 1910, s. 32, Ahlmann 1912, s. 197, 
Fairchild 1923, Rich 1935, s. 41). Till stagnationens inledande fas hér 
Oxnevalladeltat (68) S hiérom (Gillberg 1948, s. 450, 1952). "| 

Viskadalens motsvarighet dr Berghemsfaltet (43). Det bestar av ett | 
pa vastra dalsidan belaget MG-delta med laterala smaltvattensrinnor * 


vars varv éro 5—10 cm miktiga och salunda synas vara distala (Cal © 
denius 1942, s, 171). En tydlig oscillation ar med andra ord registrerad. - 
Da emellertid isavsmiiltningens férlopp i dvrigt icke pavisar nagon sa- 
dan torde den varit relativt obetydlig och inskrankts till nagra km. 

Berghemsmoriinens évriga bildningar utgoras av ett flertal randdeltan 
i Lygnern-, Landvetter- och Sivedalarna (19, 9295). Daremot till- 
hora Surtadalens randformer icke denna period utan ha uppkommit § 
senare.' Vid denna tid var némligen denna dal fortfarande fylld med is | 


* Hyssnadeltat (37) i skarningen mellan dvre Surtadalen och Halsjédalen pabor 


jades dock under denna stagnation men dess nirmare utformning agde rum betydligt 
senare. | 
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Be vere 1948, 1956). Randstrakets fortsittning mot V-SV utgodres 
annolikt av de bohuslaindska frontalelementen (Gillberg 1952, s. 91), 
Av évriga submarina randdeltan aro de flesta belagna N om Berg- 

hemsmoranen, endast ett fatal forekomma mellan den och Goéteborgs- 

mordénen. Alla dro terringbundna till uppstickande bergspartier och 
lalfértrangningar eller ligga vid de senglaciala fjordarnas innerspetsar. 

De inga salunda icke i nagot enhetligt randstrak utan ha uppbygets 

vid tillfalliga, topografiskt betingade stagnationer, 

Som typexempel kan valjas Kungsiitersdeltat (81) mellan sjéarna 

Polken och Oklangen (fig. 3) (Gillberg 1948, s. 451). Det ligger inklamt 

branta dalsidor men har fria distal- och proximalbranter, Ytan 

ir planabraderad och ligger obetydligt under MG (72 mé. h.). Embryonal 
avinbildning har dock inom de centrala delarna framkallat svag 
indulation. Genom abrasion har en markerad strandbrink utbildats strax 
1edanfér planets mitt, och det distala partiet motsvarar darfér en ligre 
narin niva an MG. Nara proximalbranten finns en stérre isgrav. Aven 
le i Tolken forekommande djuphalorna dro sakerligen likartade bild- 
ungar, da partierna diremellan besta av rullstensmaterial. Den acku- 
nulerande islobens spets har salunda upplésts i dédis. Detta pavisas 

ven av en langs vastra dalsidan, proximalt utbildad lateralterrass (80) 

ned tydligt iskontaktpaverkad utsida. Pa det distala partiet ar en mo- 

anflotte synlig. Materialet i deltat ar 6vervagande sand och mo (fig. 4). 

rus Och rullsten forekommer nastan endast proximalt i lateralterrassen 

ch pa Tolkens botten. Det pa dalsidan distalt forekommande grovmate- 
ialet tillhér icke sjalva deltat utan dr avsatt subglacialt fore detta. 
Ovriga randdeltan likna i manga avseenden Kungsitersdeltat. Det 

ins darfor ingen anledning att beskriva varje enskild form utan i 

fillet diskutera deras férekomst och karaktar samt deras betydelse 

yr utredandet av ackumulationsforloppet och isavsmiltningen. 

De flesta kunna karaktariseras som randdeltan avsatta i éppet vat- 
nn utan distala ismassor (jfr Bergsten 1943, s. 181). Ibland har dock en 
ulstiindig utbyggnad i sidled férhindrats genom kvarliggande rester 

y den ackumulerande isloben (t. ex. Oxnevalladeltat, 68) eller av 

edskjutande istungor fran sidodalar (t. ex. Gullbergsdeltat, 45). 

re deltan (Hjorttorps-, 40, Tostareds-, 64, Kattungadeltat, 67) dro 
sin sida avsatta fran en sidodal och ha darfor distalt sett mer lang- 

rackt form. Endast i dessa fall ar distalbranten iskontaktpaverkad, i 

rigt ar den fritt bildad (fig. 1). Den ursprungliga avlastningsbranten 

‘ibland bevarad men mycket ofta har en sekundar rasbrant utbildats. 

istalasar ha ingenstades patréffats men Hyssnadeltat (37) ar distalt 
islutet till kames och morankullar (Gillberg 1948, s. 446). Deltanas 
iktighet ar mycket varierande. 
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Fig. 3. Karta éver Kungsitersdeltat (81) och anslutande glacigena bildningar. Siffrorng 
ange m 6. h. MG ligger mellan 71—72 m 6. h. 


Map of the terminal outwash-delta at Kungstiter (81) and other glaciomor phological forms. Th 
figures indicate the height above sea level. The Marine Limit lies about 71—72 metres abov 
sea level. 


For publicering godkiind i rikets allminna kartverk den 28 februari 1956. 
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Distalsidorna aro emellertid av mindre intresse i jamforelse med de 
proximala delarna, vilkas olika utbildning i manga fall kan ge upplys- 
ing om israndens reaktioner (Nelson 1910, s. 219, Bergsten 1943, s. 172). 
Proximalsidorna framtrida ibland som fria, men ofta sekundart ra- 
erade branter, vilka annu kunna uppvisa spar av isranden (t. ex. 

artared-, 1, Moslatts-, 19, Orby-, 44, Fritsla-, 50, Oxnevalladeltat, 68). 
Sadana deltan kunna kallas fria deltan, aven om de ofta ansluta till 
ma dalsidan eller uppstickande bergspartier. De forekomma i dalstra- 
sens nedre och mellersta delar. Ovriga deltan ha en proximal fortsatt- 
uing i form av asar, kames, dalfyllnader eller t. 0. m. morankullar 
t. ex. Bollebygds-, 34, Hyssna-, 37, Kinnarumma-, 48, Tostareds-, 
4, Rolfstorpsdeltat, 87). Nastan alltid aro de belagna vid de senglaciala 
jordarnas inre vikar, d. v. s. proximalbildningarna dro supramarina 
jfr Sandler 1917, Sundius 1922, Lundqvist 1940, s. 49, 1943, s. 55, 
sranlund 1943, s. 75). De kunna darfor bendmnas innerspetsdeltan. 
 Planen framtrada siillan som fullt bevarade ackumulationsytor (t. ex. 
stra delen av Hyssnadeltat, 37) utan i de flesta fall aro de utjimnade 
iv abrasion. Svallgrus forekommer darfér allmant till Sver 1/2 m:s 
naktighet (fig. 5). Istrattar och isgravar dro sallsynta, vare sig detta 
yeror pa utfyllnad med svallgrus eller ar ett primart drag. Smdltvattens- 
annor ha observerats i nagra fall (Hyssna-, 37, Segloradeltat, 46), 
ikasa raviner (Bollebygdsdeltat, 34). 

Olika deltans relation till den forna vattenytan kan vara mycket va- 
ierande, och sarskilt da ackumulationen har skett under skilda regres- 
ionsfaser, kunna stora hojddifferenser foreligga (Bergsten 1943, s. 168). 
Je basta viardena pa deltanas 6vre grins synas genomgaende erhallas 
id planens proximalparti. Atminstone inom undersékningsomradet 
r detta normalt anslutet till MG (von Post 1938, s. 439, Gillberg 1948, 
. 454, 1952, s. 74). Distalt har déremot abrasionen ofta nederoderat 
Janen till lagre marina nivaer. 

Ifraga om materialets fordelning kan knappast nagon allsidig belys- 
ing erhallas, da alltfér fa skarningar dro tillgingliga. Av ett deltas 
lika dellager (Gilbert 1885, s. 104, Davis 1890, s. 197, Nelson 1910, 
_ 50, 58, Horner 1927, s. 62) ar bottenbadden ingenstides blottad. 
littbidden synes i regel besta av mer eller mindre brant stupande 
wer (fig. 5). Stromskiktning forekommer men Ar relativt sillsynt. 
tbhidden ar vanligen tunn (1/2—1 m) och dr dessutom oftast icke 
rimar utan omlagrad till diskordant avskarande svallgrus (fig. 5). 
let mest anmarkningsvarda ar emellertid den allmanna fraktionsfor- 
elningen. Visserligen ar den skiftande men férutom har och var i 
1ittbiidden synes block-grus icke uppta nagra storre ytor. Enda 
ndantaget utgor Sundholmendeltat (66), vilket helt ar uppbyggt av 
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Foto forf. 


Fig. 6. Skarning i distalbranten pa Sundholmendeltat (66). Materialet ar grovt, skikt- 
ningen obetydlig. 
Section through the distal slope of the terminal outwash-delta at Sundholmen (66). The material 
is coarse and the stratification slight. 


grovmaterial (fig. 6).! I évrigt ar sand-mo dominerande (fig. 4, 5). 
De flesta deltana verka med andra ord vara distala bildningar, vilka 
utom da kames, asar e. d. forekomma, synas sakna egentliga proximal- 
partier. 

En diskussion om tillférseln av och tillgangen pa deltamaterialet ar 
dirfér nédvandig. Vid de deltan, vilka uppbyggts utanfor issj6avlopp 
(Tostareds-, 64, Kattunga-, 67, Brinnareds-, 69, Fénhultsdeltat, 82), 
aro de ackumulerande isilvarnas banor fullt synliga. Bade lateral och 
subglacial dranering har forekommit, och en- eller tvasidiga rannor, 
t. o. m. kanjons, ha utskurits. Vid de fria deltana torde subglaciala 
isilvar spelat den stérsta rollen, ty spar av lateralt smialtvatten dro 
sillan markbara. Deras forlopp dro dock aldrig pavisbara, da dal- 
bottnarna proximalt icke aro blottade. Vid innerspetsdeltana synes det 
omvinda férhallandet varit det vanliga (jfr Nelson 1910, s. 159, Sundius — 
1922, s. 37, Horner 1927, s. 66, Bergsten 1943). Spar av subglacial 
erosion proximalt aro naémligen ytterst sallsynta, medan starkt spo- 
lade, laterala rannor eller allmén lateral dversilning férekomma sa 


1 Detta delta skulle naérmast rubriceras som ett proximaldelta (jfr Lundqvist 1940, 
8. 50, 1943, s. 53), om icke materialet vore si kraftigt bearbetat. Det har formen av en 
alluvialkon med smal apex vid MG och brant lutning distalt. Det verkar vara ett tapp- 


ningsdelta men inga issjéar ha funnits haromkring, och knappast nagon spolning foére- 
kommer ovan MG. 
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mycket oftare (t. ex. vid Hyssna-, 37, Seglora-, 46, Kinnarumma-, 48, 
Forlanda-, 63, Kungsatersdeltat, 81). 

Fragan om materialtillgangen har till en del redan diskuterats (jfr 
ovan). Eftersom uttunningen knappast avtog under en topografisk 
stagnation, torde smaltvattensmingden relativt sett varit storre an. 
vanligt. Mer material an normalt har darfér sannolikt transporterats 
mot randen. Vid de klimatiskt betingade stagnationerna var diremot 
pa grund av minskad eller avstannande uttunning smiltvattenstill- 
gangen avgjort mindre, ibland t. o. m. nastan ingen. Uppbyggandet av 
randdeltan under sadana perioder maste darfér tagit betydligt lingre 
tid én under en topografisk stagnation. 

Vad betraffar deltamaterialets sammansattning, synes mellanfrak- 
tionernas fullstiindiga dominans mycket marklig. Enda forklaringen 
torde vara, att materialet antingen har transporterats mycket lang vag 
eller ursprungligen var relativt finkornigt. Da emellertid aven laget 
och sammansattningen av andra glacigena ackumulationsformer syn- 
barligen hanger samman med detta problem, far jag aterkomma hartill 
efter beskrivningen av dem. 

Supramarina randbildningar forekomma endast inom nordomradets 
norra del.* Mordnvallarna utgéras av korta fristaende ryggar-kullar, 
som héja sig hégst ett par m dver omgivningen. En del ligga i svagt 
motlut och torde vara avlastningsmordner (t. ex. vid Rosendal, 13, 
Kroka, 15, Tornarp, 16, Vivared, 17), nagra dro sannolikt oscillatoriska, 
ty de inga i heterogent forband med korta tvadrasar och kames (t. ex. 
vid Ane, 3, Jallby, 5). Vid Ryda (12) synes aven dverskjuten moran pa 
isalvsmaterial. Enligt issjéutvecklingen aro vallkomplexen icke samti- 
diga och synas icke ha uppkommit under nagon av avsmaltningstidens 
stora stagnationsperioder. De torde ha bildats vid évervigande terrang- 
betingade, tillfalliga uppehall i recessionen. 

Deltaplanen (vid Ljung, 6, Od, 8, Borgstena, 26) dro icke typiska rand- 
deltan utan likna snarast sedimentfyllnader pa issjébottnar. Tydliga, 
delvis konkava proximalbranter aro dock utbildade, och vid Od och 
Borgstena aven distala sadana. De senare deltana atfoljas 1 baigge rikt- 
ningarna av korta asryggar och kames. Planen aro ackumulations- 
biddar men inget synes ha uppbyggts anda till vattenytan. Grunda 

1 Av dessa lateralformer dro sirskilt tva lokaler mer intressenta. Ned till Férlanda- 
leltat leda ett flertal skval, av vilka de 6vre aro ensidiga, de nedre bilaterala rinnor 
Gillberg 1948, s. 448). Ett av de manga skval, som dro utbildade proximalt om Hyssna- 


leltat, fortsatter langt ut pa sjalva planet som en grund delvis meandrande rinna. Isen 
L. Halsjobassingen maste sdlunda ha kvarlegat langt efter det att MG inskurits och 


lavet intagit en lagre niva. ’ i 
2 Inom ereenriek finnas framfér tre mindre dalsinkor obetydliga mordnanhop- 
tingar med svag vallform (Gillberg 1948, s. 443). De torde dock icke vara egentliga rand- 
noraner utan utgéra smarre moranaysittningar pa uppstickande hillpartier. 
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isgravar férekomma allmant, likasé lésa moranblock. Materialet ar 
tydligt glacifluvialt med merendels horisontell skiktning och val ge- 
nomférd sortering. Mot ytan blir det allt grovre, tydande pa en successiv 
ackumulation i allt grundare vatten (jfr Flint 1929, s. 282, Gillberg 
1948, s. 459). 


Det utmarkande for undersdkningsomradet innanfor Goteborgsmo- 
rdnen dr salunda dels den ndstan fullsténdiga franvaron av randmord- 
ner, dels det glacifluviala randmaterialets koncentrering till de sydgaen- 
de dalstraken. Det forra har ofta ansetts tyda pa stagnerad, in situ 
sonderfallande is (von Bilow 1927, s. 274, Flint 1929, s. 258, Lund- 
qvist 1935, s. 297, Goldthwait 1938). Som Flint senare framhallit 
(1942, s. 131), behéver detta emellertid icke vara fallet. For det forsta 
kan en successiv recession ha agt rum utan stérre uppehall, och for det 
andra kan isen ha innehallit sa rnga maingd material, att trots aktivitet 
inga mordner kunna ha uppbyggts. Inget av dessa fall kan dock varit 
foretrétt inom omradet, eftersom tydliga recessionselement saknas 
och markerade stagnationsbildningar finnas. Den tredje méjligheten 
har enligt Flint varit, att smaltvattenstillgangen varit sa stor, att naéstan 
allt material kunnat omhandertagas déarav — dven under stagnationer. 
Att sa har varit fallet har, har redan pavisats, och det framgar an tyd- 
ligare genom forekomsten av ett stort antal lateralskval och issjéar 
(Gillberg 1945, 1948, 1956). 

Denna utbildning av randformerna synes for de sydgaende dalstraken 
och nordomradets ovre delar tyda pa en relativt kontinuerligt avsmal- 
tande is med ringa rorelse och tidvis stagnerande front. Ifraga om det 
centrala undersékningsomradet kunna inga sikra upplysningar dérom 
erhallas. Avsaknaden av randelement torde dock antyda en mer passiv 
eller t. 0. m. delvis stagnerad ismassa. 


In situ-bildningar 


Som framgatt vid diskussionen av randelementen, kunna delar av 
isfronten avskiljas pa grund av minskad maktighet, avtagande istill- 
forsel och dkad ablation (AhImann 1938, s. 328). Sarskilt langt ifran 
en ismassas egentliga ackumulationsomrade dro mdjligheterna stora 
for en sddan dédisbildning — och detta aven under verkliga glaciations- 
tider och pa grund av andra orsaker an rent klimatiska (Ahlmann 1938, 
8. 330). 

Under en avsmiiltningsperiod kunna stérre ispartier dverga i mer | 
eller mindre isolerade dédisar 4ven pa grund av fordndringar i hela is- . 
massans materialhushallning (Ahlmann 1938, s. 335, Demorest 1942, 
s. 63). Blir ackumulationséverskottet allt mindre samtidigt som abla-_ 


] 
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tionen 6kar, avta isrérelserna och genom uttunningen aven miktig- 
heten. Den salunda passiva isen overgar dock till dédis férst d& den 
pa grund av fortsatt uttunning icke langre star under kontroll av det 
centrala ackumulationsomradet. Fullsténdigt utan rérelser behéver den 
uppkomna dédisen icke vara, ty genom att den aiger en viss plasticitet 
och vanligen en svag lutning mot randen férefinns, kan en transport ske 
fram till de tunnare ytterpartierna. 

Utan att ha natt fram till detta slutstadium kunna dédisar ocksa av- 
snoras pa grund av terraéngférhallandena. Om genom uttunningen en 
tvargaende héjdzon framsmalt, kan den yttre delen av isen komma att 
isoleras fran den egentliga ismassan (Mannerfelt 1945, s. 27). Mycket 
snart torde den éverga till verklig dédis, eftersom férbindelserna med 
ackumulationsomradet avbrutits, och darigenom en konstant nytill- 
forsel icke kan aga rum. 

De ackumulationsformer, vilka ha uppkommit vid eller i stagnerade 
eller helt dynamiskt déda ismassor, bendmnas har in situ-bildningar. 
Inga avlagringar torde vara si heterogena som dessa. Detta dr helt 
naturligt, da de ursprungligen mer eller mindre begransats av is, som 
sedan bortsmalt. De utmarkas darfér av ytmorfologisk oregelbund- 
denhet, stark iskontaktpaverkan, sekundara omformningar och varie- 
rande sammansattning. 

Genom uttunningen kommer isens inre moran successivt upp till 
ytan och forenar sig med dar forekommande fritt material. Efter isens 
forsvinnande bildar denna ablationsmordn i regel den s. k. ytmoranen 
(Flint 1947, s. 112). Sarskilt mot slutet av avsmaltningen och niira 
randen upptrada emellertid ett stort antal haligheter. I dédis sté dessa 
O6ppna, varigenom nedfallet eller uppressat material snart samlas diir. 
Under sadana betingelser uppkommen ablationsmoran har darfor en 
mer sdrpraglad ytmorfologisk form — oregelbundna, oftast relativt 
blockiga kullar-ryggar (Tarr 1908, s. 86, 1909, s. 44, Tanner 1915, s. 217, 
Granlund 1943, s. 45, Lundqvist 1943,s. 22, Mannerfelt 1945, s. 122). 
En uppdelning i mer parallella ryggar synes ibland férekomma (Tarr 
1908, s. 87, 1909, s. 51, 77, Ahlmann 1937, pl. V, Woldstedt 1939, s. 
264, Mannerfelt 1945, s. 13). Sarskilt denna form torde vara randavsatt, 
da parallella sprickor oftare upptrada dar an langre in pa isen. 

Vid avsmaltningen av en forhallandevis tunn is bildas en stor mangd 
smaltvatten. I sidan porés och murken is forharskar subglacial-englacial 
dranering (Tarr 1909, s. 66, von Engeln 1911, s. 146, Woldstedt 1939, 
Mannerfelt 1945, s. 16). Moranen paverkas dirfor av detta smaltvatten, 
urtvattas, omlagras och évergar eventuellt vid langre inverkan i rent 
glacifluvialt material. Alla 6vergangsformer mellan sadant och typisk 
moran torde forekomma (Tarr 1908, s. 98, Ahlmann 1933, s. 177). 
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Kullig ablationsmoran kan diarigenom ha mycket varierande samman- 
sdttning (Tarr 1908, s. 98, Priehdusser 1939, s. 107, Flint 1942, s. 127, 
Mannerfelt 1945). 

Begreppet kames Ar ofta icke klart definierat men i inskrankt bemar- 
kelse har denna ackumulationsform bildats 1 eller vid en nastan eller 
helt stagnerad, in situ avsmaltande is (Flint 1947, s. 147). Bade till 
uppkomsten och formen ar den salunda en ekvivalent bildning med den 
kulliga ablationsmordnen (Geikie 1874, s. 181, Tarr 1908, s. 98, Nelson 
1910, s. 29, Ahlmann 1912, 1916, Fairchild 1926, Rich 1935, s. 40, 
Cook 1946).1 Materialet ar dock vanligen an heterogenare. Det ar visser- 
ligen vattenpaverkat men bade sortering och skiktning aro diffusa och 
oregelbundna (jfr fig. 10, 11). I mamga fall ingar moran, 1 regel som ett 
ytligt tacke (Tarr 1908, s. 98, Nelson 1910, s. 32, Fairchild 1926, s. 
204, Brown 1931, s. 473, Rich 1935, s. 40, Cook 1946, s. 578). 

Om det en-subglaciala smaltvattnet samlats till mer enhetliga strém- 
mar, och ackumulation darigenom agt rum under langre tid och mer 
koncentrerat, ha sadana differentierade former som asar och lateral- 
terrasser uppstatt. Bland de forra imtar recessionsasen en sirstallning 
genom sin anslutning till en kontinuerligt recesserande is (jfr ovan). 
Ovriga former dro daremot in situ-bildningar, da de fro bundna till 
stagnerade ismassor. Den vanligaste typen, vilken fven observerats 
under bildning vid nutida glacidérer, ar den subglaciala tunnelasen 
(Strandmark 1885, Davis 1892, Bartling 1905, s. 15, Tarr 1908, Nelson 
1910, s. 93, 99, Korn 1913, Woldstedt 1929, s. 93, Mannerfelt 1945, s. 
147, 176, Flint 1947, s. 151). Da ackumulationen helt aégt rum i slutna 
valv, forekommer ofta moran pa toppytorna. I évrigt aro primarstruk- 
turerna vanligen bevarade samt endast ringa iskontaktpaverkan syn- 
hg. Som en sirskild variant kan den pa dalsidor slingrande och oftast 
till laterala skval anslutna slukasen betraktas (Mannerfelt 1945, s. 47, 
121). 

Den andra huvudtypen ar den supraglaciala eller subaerila asen 
(Holst 1876, Crosby 1902, Hausen 1914, Holmsen 1923, s. 30, Tanner 
1928, 1934, 1937, Sproule 1939, s. 101, Halden 1942, s. 89), vilken 
uppbyggts i éppna, kanjonartade issprickor.2 Dess utformning har 
agt rum under tva markant skilda faser — den aktiva, da sjailva acku- 
mulationen skedde, den passiva, da den nuvarande formen utbildades 

* I synnerhet nar isolerade kames férekomma, kan det ofta utan tydliga skirningar 
vara svart att skilja dem fran asar. Aven hela komplex av oregelbundna kullar kunna 


ibland vara andra formelement sisom Asnat (AhImann 1912, 1916, Bergsten 1943, s. 178) 
eller upplésta deltaartade ackumulationer (Thwaites 1926). 

* Aven en tredje astyp — den englaciala — ar beskriven (Philipp 1912, Alden 1924, 
Okko 1945), men den torde vara mycket sdllsynt. Genom att smiltvattnet strémmat 


fram inne i isen och sekundira forindringar upptrada, synes den dverensstiimma med 
bada huvudtyperna. 
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Foto forf, 


Fig. 7. Kullig ablationsmordn av éverviigande stora block. Stenstorp (49). 
Hummocky moraine, the greater part of which consists of large boulders. Stenstorp (49). 


efter bortsmaltandet av omgivande is (Tanner 1928). Det mest ut- 
markande for denna typ ar darfér den sekundara sorteringen och skikt- 
ningen samt de iskontaktpaverkade och sekundart raserade sidorna.! 

Inom undersékningsomradet ar kullig ablationsmorin nastan enbart 
foretradd inom centralzonen. Lokalt upptrader den dels pa relativt 
mattligt branta sluttningar, dels inom mindre sinkor uppe pa platderna. 
I de stora dalstraken saknas den daremot helt.? Stérre forekomster 
finnas endast vid Tokatorp (4), Bua (21), Holmared (22), Snugge (32) 
och Oja (55). Ytmorfologiskt bestar morinen av oregelbundna, i regel 
relativt blockrika kullar, men endast i enstaka fall afro blocken domi- 
nerande (fig. 7). Moranmaterialet ar synbarligen éverallt forharskande 
(fig. 8) men i nagra skaérningar har svag vattenpaverkan observerats 
(kantavrundade stenar, smala skikt av rundat grus). Vid Tokatorp 
(4) ar moranen till stor del parallellorienterad i ryggar med riktningen 


1 Mot denna dsteori har bl. a. anforts, att supraglacial dranering icke forekommer i 
stagnerad is (Lundqvist 1943, s. 51, Flint 1947, s. 154), Ackumulationen torde dock ha 
skett i anda till bottnen 6ppna issprickor. Ett sadant bildningssatt liknar delvis amerika- 
narnas »crevasse fillings» (Flint 1928 a, 1930 b, Brown 1933), vilka narmast synas vara en 
mellanform mellan supraglaciala sar och kames. 

2 Ablationsmorin torde emellertid ha stérre utbredning. Stor del av ytmorinen maste 
namligen betraktas som en ablationsmorin utan ytmorfologisk differentiering. Ofta synas 
dock antydningar till ryggar eller kullar, och mordnsluttningarna iro mangenstéides is- 
kontaktpaverkade. Materialet ir dessutom regelbundet vattenpaverkat (kantavrundade 


stenar). 
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Foto fort. 
Fig. 8. Skarning i kullig ablationsmoran bestaende av stora och sma block i grusig, osor- 
terad grundmassa. Holmared (22). 


Section through a hummocky moraine with large and small boulders in a gravelly, unsorted 
matrix. Holmared (22). 


SE—NV (fig. 9). Den ar sannolikt randavsatt och torde ha bildats 
genom att den inre moranen smalt fram efter ismassans glidplan (jfr 
Mannerfelt 1945, s. 13). 

Aven glacifluviala in situ-bildningar férekomma blott sporadiskt. I 
anslutning till nagra randdeltan (t. ex. Orby-, 44, Oxnevalla-, 68, Tores- 
torpsdeltat, 71) finnas korta proximalasar, troligen avy typen sub- 
glaciala tunnelbildningar; vid andra (t. ex. Kirtareds-, 1, Od-, 8, Hyss- 
na-, 37, Rolfstorpsdeltat, 87) upptrada ett fatal kames. De ovan Tosta- 
redsdeltat (64) supramarint belagna ryggarna synas nérmast vara supra- 
glaciala sprickfyllnader. Ovriga forekomster besta i regel av blott en- 
staka kullar-ryggar. Om de skola kallas kames eller asar, ar darfér svart 
att avgéra. Da skirningar finnas, frapperas man dock alltid av den | 
heterogena byggnaden — osorterat material omvaxlar med sorterat, 
bade horisontal- och strémskiktning forekommer och inslag av moran 
ir icke ovanligt (fig. 10, 11). Detta tyder narmast pa att dessa vanligen 
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Foto forf. 
Fig. 9. Parallellorienterade ryggar av ablationsmorin. Tokatorp (4). 
Nearly parallel ridges of ablation moraine. Tokatorp (4). 


konformiga kullar béra betraktas som kames. Aro de Asar, maste de i 
vilket fall ha bildats i subglaciala valv, ty sekundara féraindringar aro 
sallsynta. 

Verkliga kames-komplex finnas vid nagra lokaler (Ane, 3, Palsbo, 
36, Apelnads, 53, Guttorp, 54, Haga, 56, Vagerse, 65, Brunarp, 73) 
(Gillberg 1945, s. 444, 1948, s. 445). De bestaé av dels enstaka mer 
langstrickta ryggar med skarpeggade toppytor, dels flera kortare, 
konformiga kullar, dels bredare sadana med ay issjéarna avplanade 
éverytor. Mellanliggande isgravar aro delvis igenfyllda av nedrasat 
eller nedabraderat material. Morin forekommer sporadiskt pa sidorna 
eller som fristaende smakullar. Att kames och kullig ablationsmoran 
bora betraktas som delar av en komplex formserie, framgar av samman- 
satta forekomster vid Buasj6 (20) och Rénasa (25). Dar upptrida bade 
kullar av endera typen och tydliga mellanformer dels fristaende, dels 
omvaxlande med varandra. 

Av omradets fa tydliga asar skola blott ett par diskuteras. Inom nord- 
omradet forekomma korta asryggar vid Eriksberg (9), Jéala (10), Brodd- 
arp (11) samt nagot langre strak vid Karrakra (14) och N om Humla 
(18), d. v. s. ungefar dar en mer enhetlig mot N vikande isfront kom 
att utbildas. De skulle darfor kunna vara frontala recessionsformer men 
bade terrangforhallandena och den stratigrafiska byggnaden motsager 
detta. Ackumulationen har namligen skett i motlut och pa relativt 


210 GUNNAR GILLBERG [Mars—April 1956 


Foto fort. 


Fig. 10. Skarning i kame. Storang (52). Heterogen byggnad av relativt oskiktat grus och 
rullsten, Sverlagrande strém- och horisontalskiktad sand. 


Section through a kame. Storing (52). Unsorted gravel, pebbles and boulders overlying cross- 
bedded and horizontally bedded sand. 


grunt vatten. Under sddana betingelser ha sakerligen isaélvarna aldrig 
natt isranden utan avlastat sitt material redan inne i de subglaciala 
valven (jfr Mannerfelt 1945, s. 22). Ytmorfologiskt skulle dessa as- 
komplex kunna kallas kamesasar, ty de besta av helt fristaende, nagot 
langstrackta, konformiga kullar (fig. 12). Aven stratigrafiskt likna 
de kames, ty sortering och skiktning aro oregelbundna och diffusa. 
Materialet dr 6vervagande grovt, tydande pa kort transportstracka. 

Skephultsasen (51) ar belagen utefter dalsidan vid Frisj6ns sédra 
parti och ar uppdelad i flera mindre, delvis helt skilda ryggar (Gill- 
berg 1945, s. 444). Dessa aro getryggsartade och utkila mot NO (fig. 
13). Grus dominerar i materialet men rullstenslager och sand-mjalskikt 
forekomma allmint (fig. 14). Skiktningen ar mycket oregelbunden, 
och sekundéra omlagringar (veckningar, skiktstérningar) framtrada 
ofta. Utat dalen finnas flera tre- och fyrsidiga isgravar. Smaltvattens- 
alven har salunda varit mycket varierande i vattenforing och material- 
transport. Som jag tidigare framhallit (1945, s. 444), var det avloppen 
fran NO hirom uppdamda issjéar, som efter att ha framrunnit lateralt 
nedstértade i isen och sedimenterade. Asen har med andra ord acku- 
mulerats i 6ppna sprickor eller subglacialt. 
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Fig. 11. Skirning i kame. Habo, O om Frisjén (53). Oskiktat grovt material omviixlar 
med tydligt skiktade lager av an grus, an sand-mo. En viss periodicitet i avsittningen ar 
klart markbar. 


Section through a kame. Habo, E of Lake Frisjén (53). Beds of unsorted and structureless 
material of coarser size alternate with inclined and horizontal stratified beds of sand and silt. 
A certain periodicity of the accumulation is noticeable. 


Vid Finnekumla (30) pa nordsluttningen av drumlinhéjden vid Range- 
dala finnas nagra korta, mot Varnumsdalen nedatriktade asryggar. 
De Aro relativt laga med det bredaste partiet uppat och ligga i direkt 
fortsittning av mot N riktade laterala rénnor och spolningszoner, vilka 
fungerat som avlopp for S haérom uppdamda issjéar. Dessa ryggar 
torde darfér fa rubriceras som slukasar. Aven vid Skottek (27) pa 
sluttningen mot sj6n Artingen férekomma ett par liknande dsar med 
ungefar samma form. Materialet bestar 6vervigande av skiktad sand 
och grus men moran upptrader rikligt pa sidorna. Sénkorna mellan 
ryggarna dro kraftigt spolade men diremot forekomma inga laterala 
skval ovanfér dem. 

Férutom som asar och kames upptrader isilvsmaterial anslutet till 
vissa dalsidor, merendels vid évergangen till dalbottnarna. Vanligen ar 
det lokala férekomster av ringa omfattning men i Toarps-, (31), Surta-, 
(41), och Hallangendalarna (74) har denna avlagringstyp storre utbred- 
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Foto forf. 


Fig. 12. As bestiende av konformiga, kameliknande kullar. N om Hunla, Atradalen (18). 
Esker consisting of conical hills, resembling kames. N of Humla, Atran-Valley (18). 


Foto forf. 


Fig. 13. Getryggsformat, mot N utkilande parti av den dels subglacialt, dels i sprickor bil- 
dade asen vid Skephult (51). En issjéterrass ar utskuren mot asen. 


Sharp-edged, towards N narrowing part of the partly subglacial, partly as crevasse filling 
accumulated esker at Skephult (51). A small terrace of a temporary glacial lake is cut out at 
the esker. 
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Foto foérf. 


Fig. 14. Skarning i Skephults4sen (51). Delvis storda, nagot stromskiktade sandskikt 
samt kortel av grovgrus och sten 6verlagras av sorterat men foga skiktat grus med enstaka 
grovblock. 


Section through the esker at Skephult (51). The material consists of horizontal as well as cross- 
bedded, partly disturbed sand with a pocket of gravel and pebbles. The overlying gravel with 
a few large boulders is clearly sorted but its stratification is very slight. 


ning. Ytmorfologiskt ar oftast ingen sarskild form urskiljbar men i 
enstaka fall aro smala stringar med tydlig dveryta utbildade (t. ex. 
Savsj6»asen», 47). Endast lateralbildningen N ‘om Kungsatersdeltat 
(80) har en utpraglad terrassyta. Som framgar av tillgingliga skarningar, 
ar materialet kraftigt sorterat och skiktat samt mycket heterogent 
(fig. 15, 16). Rullsten och grus omvaxla med sand och mo, och tydlig 
stro6mpaverkan fr ofta markbar. Det ar frimst denna stratigrafi som 
visar, att dessa ackumulationer dro glacifluviala. Enligt liget och 
formen skulle de némligen kunna vara issjOsediment av nedspolnings- 
typ (se nedan) men saédana uppvisa aldrig dylika strukturer. 
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Foto forf. 

Fig. 16. Skarning i subglacial lateralbildning. Falskog, N om Toarp (31). Omviixlande 
skikt av relativt horisontella lager av sand och grus med enstaka rullstenar. 


Section through a subglacial marginal form of stratified drift. Falskog, N of Toarp (31). 
Alternating beds of relatively horizontal layers of sand and gravel, with a few well-rounded 
stones. 


Endast terrassbildningen vid Kungsétersdeltat ar emellertid en verk- 
lig lateralterrass (jfr sid. 197). Méjligen kan aven Savsj6»asen» vara avsatt 
lateralt (Gillberg 1948, s. 449). Ovriga férekomster maste diremot av 
foljande skal vara subglaciala. Materialet adr oftast abraderat av issjoar. 
Enligt den stratigrafiska utbildningen ligger det i primart lige och ar 
tydligt strémavsatt men aldrig anslutet till skval eller issjéavlopp. 
Ofta upptrader moran flickvis pa toppytorna och sidorna, och i manga 
‘all finnas korta asryggar eller kames alldeles utanfor dessa avlagringar. 
Pa sa laga nivaer som direkt ovanfor dalbottnarna forekomma aldrig 
1agra erosiva former (skval), som motsvara lateralterrasser. Den i 
skilda dalstrak sista kvarliggande isen torde i regel icke haft nagon 
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namnvard lutning samt varit murken och sénderfallande. Nagra be- 
tingelser for uppkomsten av eroderande eller ackumulerande lateral- 
alvar ha darfor knappast funnits. 

Dessa sidoackumulationer torde darfor ha bildats mycket tidigare 
an vad héjden pa deras toppytor anger. Flera av de hégre belagna 


issjOarna ha haft avlopp eller tappats ned i isen. Detta smaltvatten har 


da ofta samlats till mer enhetliga bottenstrommar och subglacialt av- 
lastat en del av det medférda materialet (jfr J. Frédin 1914, s. 199, 
Mannerfelt 1945, s. 117, 149, 176). For detta talar sarskilt den heterogena 
sammansattningen, ty just under sadana forhallanden borde material- 
tillgangen och -transporten ha varit mycket vaxlande. Ha dranerings- 
valven framgatt mera centralt 1 dalzangarna, ha i stillet asar och kames 
utformats. 


In situ-bildningarna dro salunda frémst bundna till omradets inre ~ 


delar samt hodjdplataerna. De utgaende sddra och sydvastra dal- 
straken sakna nastan fullstandigt dylika former. Inom de férra omra- 
dena torde darfor, atminstone under avsmidltningens senare faser, isen 
stagnerat och avsmilt in situ. Inom de sistnamnda delarna har daremot 
en relativt kontinuerlig rérelse mot randen a4gt rum (jfr sid. 204). 


Issjo6sediment 


I vidstréckt bemarkelse skulle dirmed kunna avses samtliga i issjéar 
bildade avlagringar (Halden 1925, s. 131). Glacifluviala former, som 
till sin uppkomst dro betingade av isens (israndens) reaktioner under 
olika férhallanden, béra emellertid hanfoéras till andra elementgrupper 
(jfr ovan samt Flint 1933, Lundqvist 1940, 1943, Jahns-Willard 1942). 
Endast de avlagringar, vilkas form och lage helt bestamts av issjOmilj6n 
(Lundqvist 1940, s. 64), torde i verklig mening fa bendmnas iss] Osedi- 
ment. Till sin hérkomst omfatta dessa bildningar tva relativt val skilda 
typer (jfr Halden 1923, s. 53, 1925, s. 130). 

Den forsta bestar av material, som genom rinnande vatten tillférts 
fran omgivningen. I férsta hand ar det distala, ibland varviga isdlvs- 
ackumulationer, vilka ofta ha formen av stora plan (A. G. Hégbom 
1906, s. 145, Sjégren 1909, s. 184, Gavelin 1910, s. 14, G. Frédin 1913, 
s. 29, Flint 1928 b, s. 958, Lundqvist 1940, s. 49, 64, Jahns-Willard 
1942). Om terrasser forekomma, torde blott den évre vara ursprunglig. 
De nedre aro i stillet abrasionsterrasser fran lagre issj6ar och fornsjéar 
eller sen-postglaciala dlvterrasser. 

Liknande issjésediment kunna ocksa_ tillférts genom vanliga aar 


och backar (Sjogren 1909, s. 160, 184, Gavelin 1910, s. 14, G. Frédin — 


19138, s. 29, 89, J. Frédin 1914, s. 159, Halden 1925, s. 130). Till formen 
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dro de nastan alltid deltan men vanligen av ringa omfattning. Aven 

utanfor mynningar av avlopps- eller tappningsfaror fran andra iss]Oar 

kunna sadana forekomma (Sjégren 1909, s. 161, G. Frédin 1913, s. 168, 

J. Frédin 1914, s. 185). Materialet i dessa former synes i regel vara mer 

_vaxlande fn i de egentliga isilvsackumulationerna. Lera torde dock 
aldrig forekomma. 

Den andra huvudgruppen omfattar de issjésediment, vilka ha bildats 
genom issjOarnas egen inverkan. De utgoras av dels svallmaterial, som 
_kvarligger in situ pa de forna strandnivaerna, dels material som ned- 
spolats och avsatts pa davarande issj6bottnarna (Flint 1928 b, s. 1958, 
Lundqvist 1940, s. 55, delvis G. Frédin 1913, s. 25). Ha issj6arna varit 
marginala, ha de senare sedimenten ackumulerats pa dalsluttningarna 
och delvis mot is. Under den fortsatta utvecklingen kunna de Ater 
abraderats och antingen utformats till terrasser eller forts vidare nedfor 
dalsidorna. Slutligen har en del avlagrats pa den egentliga dalbottnen. 
Aven om issjéarna voro éppna vattenytor, har detta férlopp kunnat 
aga rum men materialet kan ocksa fran bérjan ha avsatts pa djupt 
vatten ute i dalen. Medan svallsedimenten d6vervigande utgéras av 
klapper och grus, besta de nedabraderade avlagringarna 1 regel av sand 
(mo). Férekommande issjéleror synas daremot alltid vara varviga 
isilvsbildningar (A. G. Hégbom 1906, s. 145, Lundqvist 1940, s. 61). 

Endast i undantagsfall saknas skiktning 1 issjésedimenten. I de 
deltaartade komplexen framtraider normalt deltaskiktning (Sjogren 
1909, Gavelin 1910, G. Frédin 1913, J. Frédin 1914). Strémskiktning 
ar minst lika vanlig, t. 0. m. i varviga sediment. Str6mmande vatten 
torde salunda atminstone tidvis forekommit i issjoar (jfr A. G. Hég- 
bom 1906, s. 148), och sarskilt torde detta ha varit fallet i smala mar- 
ginaluppdamningar (Halden 1925, s. 134). I stratigrafiskt hanseende 
foreligger en markerad skillnad mellan de bagge huvudtyperna. Is- 
alvsackumulationerna bli i regel allt finare uppat, eftersom sedimenta- 
tionen agt rum pa allt langre avstand fran isen (A. G. Hogbom 1906, s. 
146, Lundqvist 1940, s. 61). I nedspolningssedimenten ar lagerféljden 
vanligen omvand, eftersom avsattningen av nytt material skett 1 succes- 
sivt grundare vatten (Halden 1923, s. 71, 1925, s. 134, Flint 1929, s. 282, 
Lundqvist 1940, s. 56, Gillberg 1948, s. 459). 

Inom undersdkningsomradet dro issjésedimenten mycket ojdémnt 
férdelade (pl. 1). Regionalt ha de ringa betydelse men i ett par dalstrak 
ha de lokalt stor omfattning. Alla kategorier aro féretradda. 


1 Om mycket lugna ackumulationsférhallanden varit radande, kan vid negativ strand- 
forskjutning det nedabraderade materialet erhalla samma lagerfoljd som isilvssedimenten 
(Halden 1923, s. 71, 1925, s. 134). Likasé kunna de senare pa grund av langsam regres- 
sion komma att avslutas av grovmaterial (Flint 1929, s. 282, fig. 23, 24, Jahns- Willard 
1942), varigenom finare sediment fullstandigt tackas (jfr Nilsson 1953, s. 179). 


218 GUNNAR GILLBERG [Mars—April 1956 


Foto forf. 
Fig. 17. Planabraderade issjésediment. Dalum, Atradalen (33). De liigre terrasserna iro 
alvplan. 


Top-abraded glacial-lake sediments along the slope of the Atran-Valley at Dalum (33). The 
lower plains are river terraces. 


Hela Atradalen utom kring Asunden upptages av dalfyllnadsacku- 
mulationer av glacifluvial hirkomst (jfr Munthe 1910, s. 1223).1 I regel 
ha de formen av stora plan, i vilka sedan Atran eroderat. Overytorna 
framtrida dock siéllan som ursprungliga ackumulationsnivaer utan 
aro abraderade. Aven lagre alvplan férekomma (fig. 17). Materialet 
domineras ay sand och mo men har och var finnas partier av grus (rull- 
sten) samt enstaka asryggar. Aven varvig lera skall enligt de geologiska 
kartbladen finnas pa nagra lokaler (Karlsson 1870, s. 70, Blomberg 
1880, s. 23, 1883, s. 40, Svedmark 1893, s. 48) men endast vid Ullasj6 
(57) har den aterfunnits. Da den emellertid ofta synes taickas av sand 
(Blomberg 1883, s. 40), kan den ha stérre omfattning an vad som framgar 
av den ytliga fordelningen. 

Om grovmaterialet ar randavsatt, ar ej mdjligt att avgéra, da det 


+ Benémningen issjésediment pi dessa avlagringar dr delvis felaktig. Stor del av dem 
har namligen avsatts i de fornsjéar, som utbildades framfor den vikande isranden. Da det 
emellertid icke ar méjligt att sirskilja dessa typer, och miljén i princip var densamma, 
kunna de sammanforas under begreppet issjésediment. 
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Foto firf. 


Fig. 18. Planabraderade, nagot iskontaktformade issjésediment. Hagdene, Nossadalen (7), 
Top-abraded glacial-lake sediments with ice-contact features. Hagdene, Nossan-Valley (7). 


till formen helt bestémts av is(forn)sjéarna. En in situ sonderfallande 
is kan dock knappast ha upptagit Atradalen. I s& fall borde endast 
smala terrassplan utefter dalsidorna finnas, medan dalens centrala 
delar skulle sakna dylika avlagringar (jfr Flint 1928 b, 1929, Brown 
1930). En mot N vikande islob torde i stallet varit utbildad men sanno- 
ikt ha tidvis mindre stagnationer intraffat. Da dverytorna pa sedi- 
menten icke motsvara samma is(forn)sjéstadium, har tydligen recessio- 
1en gatt relativt langsamt. 

Av ungefar likartad beskaffenhet dro issj6sedimenten i Nossadalen, N 
ym Borgstena rand- och askomplex. De aro dock merendels samlade 
ill korta terrassplan utmed dalsidorna (fig. 18), och i manga fall synes 
skontaktpaverkan, tydande pa is i dalen under avsittningen. Senare 
1edabraderat material finns har och var pa de centrala bottenpartierna. 
Sand dominerar men grus och mo férekomma sporadiskt (fig. 19). 

Av 6vriga issjésediment utgdres en grupp av material som avsatts 
4 dalsluttningar. I enstaka fall ar det sma deltaackumulationer vid 
nynningar av vanliga backar eller utanfor rénnor fran andra issjéar. 
Materialet ar grus-sand. Sadana smadeltan finnas bl. a. vid Barredsjéns 


15—563060. G. F.F. 1956. 
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Foto forks 
Fig. 19. Skirning i moiga, nagot varviga issjésediment. Hagdene, Nossadalen (7). 
Section through slightly varved glacial-lake sediments of silt. Hagdene, Nossan-Valley (7). 


dstsida (39) och vid Backa i Halsjodalen (38) (Gillberg 1948, s. 458). 
De flesta sedimenten av denna typ aro emellertid grovt, kvarliggande. 
svallgrus eller nedspolningsackumulationer pa olika issj6bottnar. Ge- 
nom att de senare ofta utbildats 1 skyddat lage ha de bevarats trots. 
abrasion 1 ligre issjéar. Troligen forekomma sadana i stérre maingd an 
an vad som framgatt under faltarbetena. De torde némligen knappast: 
upptackas annat an da skérningar finnas, ty synbarligen ha de mycket 
ringa omfattning 1 sid- och héjdled (nagra fa m). Stratigrafiskt utmarkas. 
de av en sedimentationsféljd som pavisar negativ strandférskjutning 
(fig. 20). 
Den sista gruppen issjésediment bestar av typiska bottenfyllnader 
Sand synes dominera men grus upptrader vanligen niérmast ytan (fig 
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Foto fort. 
‘ig. 20. Skirning i nedspolningssediment. St. Lida (2). Horisontella, nagot varviga sand- 


1oskikt 6verlagras av svagt snedskiktat grovgrus, som i sin tur tacks av skiktad mellan- 
sand. Gruslagret ar sannolikt avsatt vid en issjotappning. 


ection through glacial-lake sediments, abraded from shore beaches and deposited on a valley 

ope. St. Lida (2). Horizontally bedded, slightly varved layers of sand and silt are covered by 

ightly inclined beds of gravel. Over the latter horizontal strata of coarser sand have been 

scumulated. The gravel beds have probably been deposited during a final discharge of a tem- 
porary glacial lake. 


1). Skérningarna dro dock alltfor fa och grunda for att kunna visa en 
<akt stratigrafi. En horisontal lagring torde vara det normala men aiven 
romskiktning har iakttagits. Bade deltaackumulationer och nedabra- 
erat material férekommer. Bland de viktigaste bottenplanen ma 
imnas Tollsj6planet (23), Fristad hed (28), Varnumsdalen (29), Viska- 
alen S om Boras (35) samt Holsjungaplanet (72). 

Nagon anledning att narmare redogéra for de ekvivalenta ishavsay- 
gringarna finnes icke. Dylika ha dock i Viska-Haiggadalen, Stora- 
len N om Lygnern och Savedalen lika stor omfattning som issjése- 
menten i Atradalen (geol. kartbl., von Post 1938, Caldenius 1951). 
vervagande utgoras de av distala isilvsackumulationer. Aven i dessa 
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Foto forf. | 
Fig. 21. Skirning i bottensediment. Kilen, N om Sandhult kyrka (24). Delvis strémskiktad | 
sand med smala grusskikt 6verlagras av grus och klapper. 


Section through glacial lake bottom-sediments. Kilen, N of Sandhult Church (24). Crosse 
bedded sand with small layers of gravel has beed covered by gravel and wave-rolled pebbles. 


dalstrak har salunda en kontinuerlig recession agt rum, blott avbruten 
av tidvis intraffande stagnationer (jfr sid. 204). 


Issj6sedimenten anses ofta utgéra det basta kriteriet p& issjéarna och 
deras utbredning men atminstone inom undersédkningsomradet aro 
issjOarnas erosiva former avgjort mer betydelsefulla (Gillberg 1956). 
De férras sammansattning och utbredning kunna dock tydliggéra vissa 
forhallanden 1 avsmaltningen. Avsaknaden av dylika avlagringar ino: 
dalstrakens centrala delar tyder pa att dessa varit fyllda av is ( 


id 


an 


: 
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Lundqvist 1942). Férekommande issj6ar maste sdlunda ha varit mar- 
ginala. Enligt amerikanska forskare ar en sidan utveckling icke férenlig 
med annat an stagnerad, in situ sdénderfallande is (Flint 1928 b, 1929, 
1933, Brown 1930, White 1932, Jahns- Willard 1942). Lokala forekomster 
av utpraglade grundvattenssediment visa emellertid, att de sista 
issjOstadierna inom vissa dalgangar synas ha varit atminstone delvis 
Oppna vattenytor. 


Sammanfattning 


1. Ute pa kustslatten bildade isen i stort sett en enhetlig front, och 
endast lokalt forekom mindre lobering. Efter randlaget vid gransen 
till hoglandsterrangen skedde dverallt en uppdelning i skilda dalistun- 
gor. 

2. I omradets sédra och sydvastra dalstrak samt Atra- och Save- 
dalen agde en kontinuerlig men langsam recession rum. Vid flera till- 
fallen ha pa grund ay skilda orsaker stagnationer intraffat. 

3. Inom stérre delen av omradet i évrigt har isen avsmalt in situ. 

4. Tre klimatiskt betingade randstrak dro utbildade. Av dem ar 
Hallandsmorinen oscillatorisk, Géteborgsmoranen intar en mellan- 
stallning, och Berghemsmordnen Ar en tydlig stagnationslinje. 

5. De flesta issj6arna ha varit marginala. Endast de sista stadierna 
ha i en del fall varit delvis 6ppna vattenytor. 

6. Betraffande ackumulationsférloppet synes mig ett tydligt sam- 
band foreligga mellan de olika formerna. I de marginala issjéarna har 
sikerligen abrasionen genomsnittligt varit betydligt nedsatt. Trots 
detta dro smala men tydliga terrasser dominerande (Gillberg 1945, 
1948, 1956). En relativt betydande mangd abrasionsmaterial borde 
darfor ha bildats, i vilket fall av stérre omfattning 4n vad som motsva- 
ras av forekommande nedspolningssediment.! Detta strandmaterial 
maste nagonstddes tagit vagen. Foljande utveckling synes mdéjlig. En 
del av det abraderade materialet avsattes pa issjObottnarna, d. v. s. 
mot is, eftersom denna utgjorde ena begrénsningen. Detta upprepades 
alltefter som issj6ytan sinktes, varvid dven tidigare ackumulerat ma- 
terial ater abraderades, omlagrades och nyavsattes. Av dessa successivt 
bildade sediment kvarligger en del pa grund av delvis skyddat lage pa 
ackumulationsplatsen (= nedspolningssedimenten pa dalsidorna). Genom 
att strémningar torde ha varit vanliga i issjéar, lateral dranering all- 
nant forekommit och ett flertal issjéar haft avlopp eller avtappats sub- 
slacialt, bortférdes det mesta abrasionsmaterialet och transporterades 


1 | jamforelse dirmed ha nedspolningssedimenten i marin terrang mycket stor omfatt- 
ing trots i manga fall lika eller t. o. m. simre abrasionsforhallanden an under issjétiden 


von Post 1938, Gillberg 1948). 
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férr-eller senare ned till dalbottnen. Enhetliga bottenalvar utbildades 1. 
manga fall, och de avsatte grovmaterial utmed dalsidorna (= sidoacku- » 
mulationer) eller i form av ryggar och kullar (= asar och kames). Det | 
finare materialet férdes vidare och ackumulerades sa smaningom efter ' 
ytterligare nétning vid isranden (= randdeltan). Under de sista iss]6- : 
stadierna saknades merendels lateral- och bottendlvar. Det da bildade ; 
abrasionsmaterialet sedimenterades darfér inom de éppna delarna, 
av issjéarna (= bottenfyllnader). 

For denna utveckling synas flera bevis foreligga. Friimst tyda issj6- - 
sedimentens sammansiittning och fordelning dérpa men aven det glaci- - 
fluviala grovmaterialets koncentrering till det centrala avsmaltnings- - 
omradet, d. v. s. varifran transporten fram till randen var for lang, , 
torde darigenom fa sin forklaring. I dalstrak, dar blott ett fatal issjoar : 
existerat (t. ex. Ingsjédalen, Lygnerndalens nedre del, Viskadalen 8 | 
om Berghem), finnas inga eller endast obetydliga randdeltan. Dar: 
issjéar upptratt i stor mangd (t. ex. Viska-Hiaggadalens 6vre delar, , 
Surta-Halsjédalarna, Storadalen), forekomma stora randdeltan. 


English summary 


The Glaciomorphological Accumulations of the Last Deglaciation in the 
Western Marginal Zone of the South-Swedish Highlands 


Forms of recession 


According to their origin, the elements formed during the deglaciation are | 
divided into four groups. The first includes all forms built up during con-. 
tinous recession and it seems that only two types belong to it. One is the 
typical annual endmoraines but these do not occur in the area investigated. 
The other is those eskers which consist of annual upstream segments of coar- 
ser size, grading downstream into fine sediments. They were formed at the 
terminus of active ice, where subglacial tunnels discharged into deep standing _ 
water. Such »recessional eskers», however, are also unrepresented in the area. 


Forms of oscillation and stagnation : 
: 


These elements may be discussed together as they were frequently built up 
at the same time and often form marked terminal complexes but, unfortuna- 
tely, usually cannot be distinguished from each other. : 

All great endmoraines and all terminal ridges consisting of both till and 
stratified drift seem to be clear oscillation-forms. This is especially evident, 
when thrust features occur, such as folding and irregular contortion or other 
disturbed stratification. Terminal proglacial elements of only stratified drift, 
i. e. sandurs, terminal transverse outwash-eskers and terminal outwash-deltas, 
are real stagnation-forms. 

In most cases both oscillations and stagnations are regarded as due 
climatic fluctuations. Concerning the former, this seems to be a fact whe 
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such forms occur regionally and in great complexes. Locally, however, small 
oscillations may have occurred through a temporary transport of ice to the 
terminus owing to great sloping of the substratum, earthquakes or changes 
of the ice pressure. Even stagnation-forms may have been built up during 
periods of climatological variations, in reduced or discontinued thinning, but 
very often topographical circumstances may have created short interruptions 
in the recession. Especially in valleys, where humps and narrowed sections 
occur, the balance between the thinning and the calving has often been 
disturbed and thereby has enforced stagnations of the ice terminus without 
reduced ablation. These conditions have been most pronounced within the 
dividing line between sub- and supra-aquatic terrain. Outwash-deltas may 
also have been built up at the mouth of outlets of glacial lakes. 

For an explanation of the real origin of terminal forms and the reactions of 
the ice during these periods, the law of the proportion of till to stratified drift 
is of great importance. As more till is generally produced by rapidly flowing 
but slowly melting ice, great endmoraines have usually been built up only 
when a temporary equilibrium existed between the thinning and the flow, 
i. e. during periods of severe climate. When the ablation predominated, but 
stagnation still occurred, so much meltwater appeared that the terminal forms 
were almost exclusively built up of stratified drift. 

From the point discussed above it is clear that it is often very difficult to 
connect different forms to great complexes or to find parallels for these over 
wide regions. If possible, other facts also ought to point in the same direction. 
From investigations by von Post (1938, 1947, 1952), Florin (1944) and myself 
(1952, 1956), it is thus obvious, for instance, that periods of severe climate 
have generally been followed by fluctuations in the land elevation, and if the 
gradient of the ice surface can be determined during different stages of the 
deglaciation, the ice terminus can be approximately fixed. 

The terminal elements in the area investigated are almost all submarine. 
Three marked complexes, dependent on climatic variations, can be distin- 
guished. The southern one — the so called »Hallandsmoranen» — is situated 
on the coastal plain of Halland and consists almost entirely of endmoraines, 
while stratified drift is not so common. Lying without connection with bed- 
rock the endmoraines are usually straight but when they are connected with 
projecting rocks or lie in valleys they are lobated. Accordingly, the ice ended 
with a relatively straight terminus on the whole but to some extent its po- 
sition was determined by the terrain. 

The second terminal complex is the important so called »Géteborgsmora- 
1em). Usually its different forms occur in the parts of the highland-valleys 
where these widen into the coastal plain. Its position is accordingly deter- 
nined by the terrain but indubitably the whole complex was built up during 
1 period of great stagnation and also oscillation. In other words, the ice ter- 
minus was divided into different lobes in each valley. In the complex real 
ndmoraines occur but also real outwash-deltas, and ridges made up of both 
ill and stratified drift. Thrust features of different kinds and extent are 
ery common, and almost all parts consist of more than one form, for examp- 
e, centrally an outwash-delta, distally or proximally one or several endmo- 
aines. 

_ The third complex, the so called »Berghemsmoranen», consists almost comp- 
ately of outwash-deltas. Only at Berghem are there also endmoraines and 
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furthermore till has been ridged up on the top of the delta. This stagnation- 
phase also owed its existence to climatological conditions but the position of 
the forms is exclusively due to terrain conditions. 

In addition to these terminal complexes other large outwash-deltas occur 
between »Géteborgsmorinen» and »Berghemsmoriinen» and north of the latter. 
Especially in the innermost parts of the ancient fiords such forms of large 
extension have accumulated. All these deltas have been formed as a result 
of terrain conditions, and the stagnations accordingly do not owe their exist- 
ence to discontinued thinning. 

The supramarine terminal forms are few and they all lie in the northern . 
region. Three outwash-deltas of the last-mentioned type (accumulated in | 
glacial lakes) and some short and low endmoraines are found. Some of the | 
latter are typical depositional forms but in some thrust features appear and . 
they also consist of stratified drift. 

Most of the deltas are accordingly submarine and they are always built | 
up to the Marine Limit. The proximal part of the planes generally lies only ' 
one or two metres below this shore line. Almost all deltas have a well-developed . 
distal slope while the proximal side is usually more divergent. These deltas, , 
which le on the coastal plain or in the middle of valleys, have steep proximal . 
slopes; those which lie in the northern ends of the ancient fiords either con- - 
tinue directly in the extension of the valleys or have feeding eskers or kames : 
at the proximal side. The planes are usually abraded, the supramarine deltas : 
only having preserved an accumulation-surface. The topset beds have there- » 
fore generally been redeposited wave-rolled gravel. 

The chief constituents of the material of the deltas are mostly sand and silt, , 
while there are fewer gravel and pebbles than elsewhere. On that account » 
and owing to the great number of deltas, it seems that a good deal of the: 
material is of another origin than directly form the ice débris. It is clearly - 
long-distanced and more abraded and probably derived partly from the shore » 
planes of the glacial lakes. The latter were mostly marginal but real shore lines 
have developed all over. The abraded material has, however, very seldom been | 
deposited as glacial-lake sediments. So it seems possible that this material has, . 
instead, been removed by the subglacial discharges and then carried onwards : 
to the ice terminus by subglacial streams. Therefore, when stagnation occurred, . 
large outwash-deltas were invariably formed. 


Forms built up during deglaciation in situ 


In situ-forms are all elements accumulated in or along more or less stag- - 
nant ice. They are ablation moraine, kames, kame terraces and most eskers. . 

Because of the thinning, till successively came up to the ice surface. This: 
till is mostly secondary and then has formed the superglacial till. Sometimes, . 
however, this till has fallen into open crevasses and after the final dissolution : 
of the ice it then formed irregular hills and ridges. This hummocky moraine } 
mostly consists of coarse rock fragments, while the fine material has usually ° 
been washed away by meltwater. Often only boulders and pebbles are pre- 
sent. In many cases stratified drift has been deposited in the crevasses and 
has then been covered with coarser till. 
_ On the whole, hummocky moraine is relatively rare in the area. Regionally 
it occurs in the central part, locally on gentle valley slopes or in small valley 
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depressions on the plateaus. Usually irregular hills are developed but at: 
Tokatorp parallel ridges occur. Probably these have accumulated at the ice 
terminus. 

Such hummocky moraine, which also consists of stratified drift, approxi- 
mates to real kames. Like the former, the latter are also rather irregular, 
though conical hills predominate over ridges. They have also been deposited 
m crevasses or in closed cavities in stagnant or nearly stagnant ice. The 
| stratified drift is here the chief constituent but often it is not so well-bedded 
and well-sorted as in eskers. Further, superglacial till sometimes occurs on the 
surface. The stratification is always very heterogenous. 

As to the eskers, the »recessional» form has already been discussed. For the 
formation of all other types stagnant ice is probably necessary. The most 
common form seems to have been deposited in subglacial tunnels. Very often, 
therefore, superglacial till, or only boulders, are to be found on the sides. 
A special variant is the subglacially engorged esker. It is met with on valley 
‘slopes and almost always immediately below marginal drainage channels. 
According to another hypothesis, eskers have also been deposited in super- 
glacial stream valleys or in open crevasses. The real accumulation is the 
active phase. After the dissolution of the ice, the passiye one began, during 
which both the form and the strafication changed through collapsing pro- 
cesses. What is most characteristic of this esker is the presence of secondary 
features. 

Except in connection with terminal outwash-deltas, neither kames nor 
eskers are common in the area. Like the hummocky moraine they are almost 
all situated in the central parts. Only a few real kame-complexes occur, but 
usually a few hills and ridges are developed. It is, however, often difficult to 
decide clearly if they are kames or short eskers. The stratification is generally 
variable and superglacial till is often found on the surface. If they are eskers, 
they have therefore probably been deposited in subglacial tunnels. 

Of the definite eskers the majority are situated in the northern region. 
Among other important instances of these forms, the esker at Skephult and 
the esker ridges at Finnekumla and Skottek must be mentioned. The first, 
which lies immediately below an outlet of temporary glacial lakes, is partly 
subglacial, partly a crevasse filling. The others are subglacially engorged 
eskers; at Skottek partially covered with superglacial till. 

Stratified drift also occurs along valley slopes and usually on or near the 
valley floors. Generally no distinct form is developed, but these accumulations 
constitute parts of the valley sides. In a few cases they have a clear surface 
and are like eskers, or the top is a clear terrace with a flat gradient. The 
stratification is always very heterogenous and layers of silt, sand, gravel and 
pebbles alternate, very often both in a horizontal and vertical direction. 
Unsorted material is also found. Sometimes superglacial till occurs on the top 
or on the sides. ts 

Of these lateral forms one (at Kungsiter) is a distinct kame terrace, lying 
proximally to a terminal outwash-delta. The others must be characterized 
as subglacial, marginal accumulations. Most of the material probably comes. 
from the beaches of the glacial lakes. These marginal forms as well as the 
kames and the eskers are, in other words, the first and most proximal accu- 
mulations of the subglacial streams, while the large terminal outwash-deltas 


are the latest and most distal deposits. 
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Glacial-lake deposits 


The material given here does not include all sediments accumulated in . 
glacial lakes, but only those that derive their general form from the glacial | 
lakes themselves. ; 

Two types can be distinguished. The first one consists of sediments which . 
have been deposited in glacial lakes through running water. According to the 
abovementioned definition, the proximal glacial accumulations whose form | 
and position have been determined by the ice terminus are not included. 
Only the distal glacial sediments are therefore in this group. They are gene- | 
rally spread out over large areas but in valleys they often lie along the valley © 
sides only. Sometimes the primary accumulation-plane is preserved but | 
usually the surface is abraded. 

The other group of glacial-lake deposits are those sediments which have 
been formed through the morphological effect of the abrasion. This is partly 
wave-rolled gravel, which now remains on the shore lines, partly material 
which has been carried away by the waves and currents and has accumulated 
on the then existing floors of glacial lakes. If the latter were marginal, it is 
possible for such material to have been deposited on the valley slopes. When 
open waterexisted, it has mostly accumulated on the valleys floors. 

There are many types of stratification. In the delta-hke sediments, both 
inclined bedding and cross-bedding alternate with more horizontal layers. 
Glacial deposits overlying each other are usually of finer grain-size towards 
the surface, while the sedimentation occurred at an increasingly longer distance 
from the ice terminus. In the abraded and redeposited material the reverse is 
the case and sediments of coarser grain-size overlies finer bottom-sediments 
owing to accumulation in gradially shallower water. 

The glacial-lake sediments are very unevenly distributed in the area, 
Except in the valleys of the Atran and Nossan they have accordingly no great 
extension. In the former regions they consist of distally stratified material 
(mostly sand, only locally varved clays) and usually appear as broad top- 
abraded planes along the valley sides. Lower terraces are eroded by rivers. 
The other instances are generally of the redeposited type. Some of the bottom- 
sediments are relatively broad planes, the rest having almost always very 
small extent. 

It seems that this distribution, form and occurrence of the glacial-lake de- 
posits — notwithstanding the existence of a great number of such lakes — 
clearly confirm the above discussed conclusion about the transportation and — 
accumulation of the débris. Hence most of the abraded material has been 
washed away subglacially. | 

ge 
General conclusions due to the glaciomorphological forms * 

On the coastal plain a uniform ice terminus was, on the whole, developed, 
lobations occurring only locally. At this time, during which the outer drift- 
complex was built out, the ice front was active and oscillations came about. 
When the recession reached the transition zone between the coastal plain and 
the highlands, a new stagnation-phase set in. The ice front was partly active, 
partly passive. The drift-complex therefore consists of both oscillation- and 


stagnation-forms. The ice cap was completely divided into different valley ‘ 
glaciers. , 
e 
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aa 


Tn all south-southwesterly valleys and the western and eastern delimiting 
valleys a successive but slow recession occurred. At different times and due 
to different causes, shorter or longer stagnations appeared. One of these 
was due to climatological condition. The ice terminus was nearly passive, so 
almost all accumulations consist of stratified drift in the form of outwash- 
deltas. During the recession large quantities of distal glacial sediments were 
deposited in the then existing sea and glacial lakes. 

In the rest of the highlands, the ice cap was, on the other hands, stagnant 
or nearly stagnant and a dissolution in situ occurred by thinning. During the 
Whole of that time, however, slow movements occurred due to the steep 


gradient of the substratum. Truly dynamically dead ice has therefore been 
formed only locally. 
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The Content of Chromium and Nickel in the Caledonian 
Ultrabasie Rocks of Sweden 


By 


Torsten Dv RiEtz 


Introduction 


More than twenty years ago the author made a study of peridotites, 
Serpentinites, and soapstones in northern Sweden, and the following 
is a short summary of my findings. 

The rocks occur as lens- shaped bodies which are generally less than 
one kilometre in length. Larger bodies may be irregular or tabular. 
The largest known occurrence, Rautats, is about nine kilometres in 
length. The ultrabasic rocks are conformable to the folding of the 
surrounding sedimentary rocks, which are of lower Ordovician or 
Cambrian age. In a few instances peridotites have been seen in contact 
with late Ordovician or Silurian sedimentary rocks, but that is due to 
isoclinal folding with a tectonic intrusion of the stiff ultrabasic bodies, 
ar to the fact that the rocks appear as weathered serpentinites or 
serpentine conglomerates in somewhat later rocks. 

The ultramafics took part in the Caledonian folding! and thus the 
ylivine grains were generally more or less granulated, while pyroxenes, 
when present, may be intact (cf. photos from Handél of weak cataclase 
vith beginning granulation of the olivines in the earlier description, 
». 205). 

The primary rocks are of a dunitic type with transitions to saxonites 
harzburgites) with a small content of orthorhombic pyroxene. In a 
ew instances ultramafics with a high content of monoclinic pyroxene 
ave been observed. 

The magnesium content of the rocks is high and aluminium is almost 
bsent. The olivine generally averages 8 mol. % of Fe,Si0, and the 
roportions of MgO to FeO in the enstatites are similar. The peridotites 
ave small, accessory grains of chromiferous magnetite, which some- 
mes have a core of chromite or picotite. In some peridotites veins, 
lusters or steeply dipping dikes of chromite occur. This chromite 
ontains alumina and much less iron than the scattered grains of the 
sromiferous magnetite in the rocks, which have very little aluminium. 


2 The rocks belong to the orogenic peridotite intrusions (cf. H. H. Hess, 9). 
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The rocks are seldom quite fresh and the proportion of serpentiniza- 
tion ranges from none to complete alteration. The serpentinization 
took place in at least three different epochs, viz. during the intrusion, 
during the folding, and during the regional or granitic metamorphism. 
The original serpentinization is generally scarce, composed of micro- 
scopic veins of mesh-structure serpentine (at the borders of the olivine 
grains or in cracks through larger grains) with laths of chrysotile fibres 
perpendicular to the direction of the veins. The centre of the peridotite 
is generally less serpentinized than the borders. The strongest altera- 
tion occurred during the general metamorphism of the region, beginning 
with serpentinization and followed by the chrystallization of tremolite 
or actinolite. This phase may have been followed by some alteration 
of the magnesium-bearing minerals into serpentine and chlorite rich 
in magnesium. The magnetite or chromite was often surrounded by 
a corona of secondary chlorite, sometimes kémmereritic, around the 
ore mineral. 

The formation of soapstone is connected with the highest degree of 
the metamorphism, viz. the granitization of the region. Besides tale, 
other prominent minerals of this transformation are actinolite (tremo- 
lite), magnesite (breunnerite or ankerite), chlorite (penninite or clino- 
chlorite), and, to a lesser degree, serpentine. Amphibole was the mineral 
first formed during this transformation. In the reaction between the 
peridotite and the surrounding phyllite or schist under the influence of 
pneumatolytic hydrothermal solutions a zoning often occurred. At 
the border of the surrounding rock biotite was generally formed first, 
while actinolite or tremolite was formed at the border of the peridotite. 
During the further transformation chlorite, carbonates, and tale were 
formed; chlorite chiefly out of biotite (and sometimes partly out of 
garnet) and tale out of the magnesian minerals. The carbonates occur 


more irregularly at or within the ultramafic. Most of the serpentine | 


present seems to be the product of an earlier alteration. The formation 
of asbestos is also due to the granitization activity. 


Another type of alteration is the transformation of earlier mesh- | 


structure serpentine into large fibres of antigorite due to stress. This 
is partly a rather late alteration. A late alteration is also the formation 
of some magnesite when the rocks were subjected to thrusting. 

The peridotites seem to have been intruded as solidified or almost 
solidified rocks, for the contact effect of the ultramafics on the sur- 


‘ In some parts of the Caledonian range peridotites, by denudation, came to the sur- 


face and were weathered during the Ordovician. Peridotite conglomerates thus contain | 


already serpentinized boulders (cf. Kulling, 16). These parts of the Caledonian, where the 


peridotites were at or close to the surface during the Ordovician, have more serpentinized 
rocks than the other regions. 


Te 
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rounding rocks is quite lacking. The common crushing of the olivine 
grains may also be due to the intrusion of a solidified rock or a crystal 
mush. The isolated occurrences of dunites in the Swedish Caledonian 
show that the differentiation toward ultrabasic rocks did not occur 
where the dunites are now found but in some other, lower, section of 
the earth’s crust. 

During World War II the Boliden Mining Company made a large 
inventory of scarce metals in our country. Thousands of analyses were 
made at that time and a special search was made for nickel and 
chromium. The present author took part in this investigation and was 
particularly engaged in the examination of the ultrabasic rocks of the 
Caledonian region (the western mountain range). As the rocks examined 
and the chemical analyses made are too numerous for all of them to be 
dealt with in this paper, certain localities of ultrabasic rocks well known 
to the author will be described here. Besides Ni and Cr other elements 
were often determined, particularly iron, and in many instances scarce 
elements typical for ultrabasic rocks, such as cobalt and platinum. 
The last-mentioned element was only found in traces or is quite 
absent. 

Among the persons who have made some investigations or with 
whom the author has discussed certain matters I must especially 
mention S. Bergenfeldt, O. Brotzen, A. Danielsson, E. Grip, G. Kihl- 
stedt, H. Ornstein and W. Uytenbogaardt, to all of whom I wish to 
express my gratitude. 

For kind permission to publish this report the author desires to con- 
vey his thanks to Mr S. Schwartz, the President of the BolidenCompany, 
and to Mr B. Norén, General Manager of the Company. 


General Description 


Ultrabasic rocks were sampled from the outcrops with a few speci- 
nens from smaller outcrops and several from larger occurrences, in 
ome instances systematically all over the area, e.g. at Rautats in 
fémtland. The specimens were crushed and chemically analyzed at 
he Boliden Laboratories. In all instances Cr,0, and Ni were deter- 
nined and often also FeO souble in HCl, and Co. Other elements deter- 
nined were e.g. S, Pt, and As. In many instances qualitative spectro- 
raphical determinations were made. In the case of many large oceur- 
ences complete analyses of the rocks were made, and in some ocalities 
oncentrations of Cr,O, or Ni of the rocks were made by way of gravita- 
ive or magnetic concentration, and by flotation. All the accessory 
hromiferous magnetite was removed from rock specimens by mag- 


16-—563060. G.F. F. 1956. 
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netitic concentration, and only in very few instances was a scanty 
remainder of non-magnetic chromite from the cores of the Cr-magnetite 
found to be left behind, when the ore minerals were finely chrushed. 
This is not applicable to the minerals of the chromite dikes or veins, 
which generally are non-magnetic. 

The average content of Cr,O, in the peridotites or serpentinites is 
0.4 %. If there are-schlieren or veins of chromite in the rocks, a sampling 
of the rock gives higher values of chromium, as experienced in many 
instances. In the case of soapstone or other metasomatically much 
altered rocks, the average content of chromium is less than in unaltered 
rocks. The difference between the Cr content of pure dunitic rocks and 
completely serpentinized rocks is insignificant. The average content 
of unaltered peridotite is slightly above 0.4 % and that of serpentinite 
a little below. The average content of FeO soluble in acid is 4.3 % in 
the rocks. This gives the average content of iron in the magnetite of 
the rock, as the olivine and the serpentine are not soluble in HCl. The 
average content of iron in the serpentinites is somewhat higher than in 
the fresh peridotite, due to the secondary precipitation of some iron 
oxides during the serpentinization. The proportion of the contents of 
Cr,0, and FeO (about 1:10) in the rocks is similar to the average 
proportion of the same elements in the enrichment of chromiferous 
magnetite obtained by concentration of the mineral, which was to be 
expected. The proportion of these elements is thus quite different to 
what it is in chromite dikes, where the content of Cr,O, is about double 
that of FeO (FeO + Fe,0,). 

The content of nickel in the ultrabasic rocks is of the same order of 
magnitude as of chromium, generally being 0.20—0.25 %, though the 
proportion varies somewhat more in different occurrences than the 
chromium content of the rocks. There are no local concentrations of 
nickel in the rocks as there are of the chrome ores. The nickel content 
of the rocks is generally not visible to the naked eye as it is quite dis- 
persed in the rocks. Nickel has a great affinity for sulphur and may be 
contained in sulphides when 8 is present in the rock. When the perid-_ 
otite is quite fresh, however, it generally contains very little or no~ 
sulphur at all, and in the last case almost all of the nickel is contained _ 
in the silicates.! The sulphide grains, when present, are generally very 
minute in size and may not be discerned without large magnification, _ 
Fresh peridotites may have a very small proportion of Ni-bearing 
sulphides of a size of scarcely 0.01 mm. Most of the nickel is contained 
in the silicates, mainly in the olivine. In only two instances has the | 
author found nickel as metal or iron-nickel alloy. | 


1 Cf. e.g. N. Sundius (34) or H. D. B. Wilson (41). 
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When the rock is serpentinized the content of sulphur of the rock 
Increases and more and more Ni is contained in sulphide minerals. 
The sulphide grains may even be detected by the naked eye. Analyses 
have shown that in some cases most of the nickel is contained in sul- 
phides. The most common sulphides are pentlandite and heazlewoodite, 
Ni;S,. Pyrite may also be common in some rocks, These minerals have 
been recognized in X-ray photographs. Other sulphide grains recognized 
in various polished sections are pyrrhotite and bravoite, further prob- 
ably chalcopyrite and marcasite. Generally, however, the sulphide 
grains are so minute as to be impossible to determine, Analyses of small 
contents of Cu and As in different rocks indicate that other minerals 
are also present. Locally, chalcopyrite has been observed megascopi- 
cally in the outer borders of several peridotite bodies, but in most of 
these occurrences the chalcopyrite was evidently associated with the 
intrusion of granites close by. A little Co is almost always present in 
the rocks in a quantity of about one tenth of that of Ni, but varying 
from occurrence to occurrence, often being about 1/5 of that of nickel, 
and at one locality (Klumpliklumpen) cobalt is present in about the 
same quantity as nickel, while it is almost lacking in some occurrences 
(below 0.01 %). The average of the Ni/Co proportion for 88 analyses 
was 6.6. The polished sections indicate that Co appears in the same 
minerals as Ni. Many analyses for platinum show that it is not present 
ar only present in traces, generally below 0.1 gr/ton. 

In order to give a detailed description of the appearance of the mag- 
1etite-chromite minerals, the nickel- and cobalt-bearing sulphides 
ind the composition and type of rock containing the minerals, certain 
ocalities will be described, beginning with four occurrences in Jamt- 
and, and continuing with four in Lappland and then with one in 
Norway close to the Swedish border. 


Roédberget in Bunnerfjallen, SE of Lake Ann 


A long string of more or less continuous lenses of peridotite strikes 
2 a southeasterly direction from the waterfalls of the Handdl river, 
V of Lake Ann, about 15 km to the northern slope of Bunnerfjallen, 
.6dberget, on the southeastern side of Lake Ann. The Handél peridotite 
nd soapstone have been described in the earlier paper (5). 

‘The easternmost occurrence, Rédberget, is the largest one. This 
unite is serpentinized to about 50 %, while occurrences closer to 
fandél are less altered (south-east of Handdél), and an occurrence 
alfway between is much more serpentinized. The occurrences at the 
andol waterfall are more or less completely altered to steatites due 
) granitization in the neighbourhood. 


— - 
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Table 1. 
Periodite from Rédberget, Ann. Analyst P. Lundman, Rénnskar. 


Mineral composition (weight %): 


| 1 | I a | 1A | 1 | la | A 
SiO eo cena 38.9 | 37.5 | 38.53 | Olivine 9 mol. % | | | 
ALOU eee hemes 0.57 0.6 0.29 GSO) pastes we oe 45 Oe OU 
CrisOg wentaeagels «% 0.46 0.4 0.51 | Serpentine ........ 47 40 44 
Be, Ouse ends. staves 2 2.72 2.1 Sito) Dremo lite ce ese. 1.4 3 ll 
PSOE sole tne kee 5.41 6.0 5.06 | Chromiferous mag- 
Min QO! Daa? Sractore ate? O329)9 | ms 1d. 0.11 MObIEC Gs eG wns Sea 3 4.5 
IMS Oy ia tortonopeen 41.6 43.7 | 39,84] Breunnerite -+ 
INTO ES ieee 5 Oat 0.4 0.25 ‘AN KGrIbG\ ste-s osiior 3 2 ord 
GO skp ee. CRIS 0.01 n.d n. d. Heazlewoodite 
CAO SNE Med ss otevens 0.48 0.5 1.45 Pentlandite ..... Os Nites n. d. 
Na,O + K,O. — — O05 7) Aware. st) eee tr. 
Ought ers cho eons 1.6 0.8 1.80 
EOP Ee bso cee figs 6.8 | 7.86 100.0 100.0 
EL Oe ees Stier 0.2 0.2 0.26 
Sika emia a dale Os004) “naa? ting de 

99.81 99.75 
| Sp. gta Ose 8e | 2.84 | 2.86 | 


A large rock sample (30 kg.) from Rédberget was chemically analyzed, 
Table 1 (1 a is a complementary analysis). For comparison the earlier 
analysis of a peridotite from Handél is given as No. 1 A. 

In different samples of unaltered and altered rocks from this region 
the Cr,O3; content varies between 0.14 and 0.51 %, the average being 
0.36 %. The low values correlate to the soapstones. Ni varies from 
0.17 to 0.31, with an average of C.24 %. Sulphur is generally about 
0.1 %, bound in nickel and iron sulphides, of which heazlewoodite 
seems to be the most common one. Nickel is bound in both sulphides 
and olivine and in varying degrees. In one sample (1a) a mineral 
reminding of awaruite was found. Cobalt is present in traces and arsenic 
was detected in at least two samples, but in a quantity below 0.001 % 
in the complete analysis. K and Ga are also present in traces, accord- 
ing to spectrographic analyses. 

Hydrothermal alteration of the rock produced serpentinization of 
the olivine, starting as the common vein-type serpentine, which may 
be more or less altered into larger laths of antigorite. The occurrence 
of tremolite is much more irregular than that of serpentine. During 
the serpentinization of the rock a small amount of secondary magnetite 
was produced, generally as minute crystals which often entered the 
remaining olivine grains. The Cr-magnetite was often replaced by 
secondary magnetite! or enveloped by a rim of magnetite. The ser- 


* Compare the photo, Fig. 16, from Aunevare. i 


| 
| 
{ 


| 
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pentine may also dissect the chromiferous magnetite. Even by magnetic 
concentration of magnetite after hard crushing, all of the chromiferous 
magnetite passes into the concentration product. 

Two magnetic concentrations gave the following products (Boliden 
Laboratory: a) H. Ornstein separation, A. G. Hybbinette analysis, 
b) S. Bergenfeldt separation, P. Lundman analysis): 


a b 
(356 ee wi3:5 an Tee ene ee alg aie Ot Ee ae 12.53 12.4 
AUR OSA Sacer ce coe ieee Ea: 0.54 123 
et rts eer oe ne ee ee, ae 5.88 7.96 
LUGE, 2 5. ai ae ae ea Soe a 33.09 35.0 
LCDS hie 2 eS ee en Se a 30.62 23.6 
ES oe ak a oe ne a rer a 0.18 0.26 
WSS 2 BS So Te eee en 16.44 15.1 
UNCER ep 2 Re IE 0.04 0.50 
Rea ee Per tn oe ne oe oe UA cee 0.24 0.0 
Bere eae, or tae ei hoe n.d 3.59 
eee te ren Stns otSre we oinl aete are aie oo ae 0.17 0.03 
99.73 99.74 
ee nes ears ed hcl heat teale ee c e's = ome 0.09 0.11 


The first product (a) is not free from impurities of rock minerals. A 
further crushing and enrichment of another sample gave a Cr,O, com- 
position of 9.69 %, and still further crushing gave the highest value 
obtainable, 12.5 % Cr,O,; (H. Ornstein). The complete analysis of 
the first product indicates a FeO ratio of almost ten times that of 
Cr,0, (about 8.5 % Cr,O, after reduction for other minerals, chiefly 
olivine). The richer concentration products indicate a proportion of 
seven or six to one. 

The second magnetic concentration, made by 8S. Bergenfeldt on a 
larger material from the same outcrop, gave the figures in analysis b, 
which has a smaller content of silicate minerals than the complete 
(first) analysis a. wor 
_ By reduction for impurities this analysis gives a content of Cr,O; 
of about 12 % and a proportion of FeO to Cr,0; of about 7. These 
igures agree with the figures obtained in a concentration after the 
inest crushing of the other operation quoted above. 


Junsterklumpen at Lake Kvarnbergsvattnet 


The composition of the peridotite of the mountain Junsterklumpen 
been described in the earlier paper. One sample, more serpen- 
inized than the other one analyzed, has also been chemically analyzed, 
Table 2 (B is the older one analyzed): 
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Table 2. 


Peridotite from Junsterklumpen. Analyst P. Lundman. 


No. | 2 | B | Mineral composition, weight % 

SlOg awa waters woes 38.1 40.50 2 B 

TNiOs raysenwcievenelens's none none 

Al ORR aeteninhe > > 0.54 0.22] Olivine, 5 mi194 FesiOy =... 46 81 

CeO net ccrscte snore 0.50 0540) }: Amtig Orite panies) ie eyes arate olay tees 46 16 
eH Oe Seem encore 4,72 2.03 | Chromiferous magnetite ...... 6 3 

FeO eerie. 3.32 4.92| Breunnerite + ankerite....... 2 — 

i Bel @ essere cn tet 0.33 0.10] Heazlewoodtte’. 0: Ssexe% 0s + = tr. tis 

Mig Olrere ersiettinet cco 43.0 49.34 | Pentlandite ts): ja mecmme eet es tr. — 

NiO SEs Beara as 0.34 0.23 

Cone his eee 0.02 n. d. 100 100 
1 CAO caren curs 0.39 0.02 
|} Na,O + K,0O . — 0.08 

ER Sie oy eres crete TA 2.05 

AO == re sik 0.1 0.15 

(COS tararhecstte cus 0.82 — 

Site re geeaereee 0.004] n.d / 

NG Necraets wiasuny oie 0.001| n.d 

PEra waa nate stensts nid. none 

99.59 | 100.04 


Spegreitedctenaeds ak 3.04 3.21 


The alteration of the peridotite varies very much. The antigorite 
may thus quite predominate in some rocks while some part of the 
massive is little altered, e.g. the rock sample B. 

The chromium content is usually a little below the content of rock 2. 
The large grains of chromiferous magnetite, below 1 mm in size, are 
anhedral and generally homogenous, often probably recrystallized as 
the one pictured in Fig. 1. Sometimes they still show a core richer in 
chromite than the outer part of it. Goethite has been recognized as an 
alteration product of Cr-magnetite in one rock sample (W. Uyten- | 
bogaardt). . 

During the serpentinization (generally starting as chrysotile veins — 
around and following cracks in the olivine, but later being to the greatest — 
part altered to large laths or blades of antigorite) much secondary — 
magnetite was formed. Fig. 2 shows fine strings of minute, secondary — 
magnetite grains in serpentine and Fig. 3 fine grains of magnetite 
replacing olivine. The average size of the secondary magnetite is0.02mm, — 

There were some schheren and dikes of chromite in the Junster- 
klumpen peridotite but most of them were removed many years ago. | 
They were of the same type as those of Rautats to be described below. 

A rock sample of peridotite was separated with magnetic concentra- | 
tion. The composition of the rock specimen (a), and the magnetic 
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Fig. 1. Homogeneous, recrystallized, chromiferous magnetite. 
30 x. Jungsterklumpen. 


rains in bastite-like serpentine. 40 x. 


Fig. 2. Rows of secondary magnetite g 
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Fig. 3. Fine grains of secondary magnetite replacing olivine. About 100 x. 


concentration (b), gave the following figures together with the ap- 
proximate (calculated) composition of the Cr-magnetite (c): 


a 
SiQiarsaicw Mute-a atevare atten agiareteSimnayere 38.8 
5A 0 Fe ast RG CORON Erne Ce ORO 0.85 
OT OM ross cree reterche wusheeueinin de ayers ters 0.49 
He Osi aie tis Baie > piesa Nene te sie wits erate ote 4.60 
HeQ) sox k ievetetoreda ce av sloreieiey chime eteae pe 3.60 
UMiia (O)) ster. bis waardnert ayaels se em sraiusonene cs 0.10 
MgO Or Oe a Soe Die ak or woe 44.9 
INTC) CA Tc ane th ane erh oh uae ume eis eee 0.26 
Ca. Osta srere ele aise trp olan eayeetObvareen eth us 0.16 
Po. 5 RRs tiene geste ome eters alate teoens wehetuleenTs 0.14 
TIcO jg. tectatererty & ote tere aun screed about 5 


— bo 
roe 
Corn re wb 
mr oon 


A 
eFoss 
(oP 


° 
a 


0.07 


The composition of the peridotite is quite similar to the rock analyses 
quoted above. The magnetic concentration has still about 25 °% of 
olivine together with the magnetite. The calculated composition of the 
magnetite (c) 1s thus somewhat poorer in Cr than the chromiferous 


magnetites described above from Ann. 


As seen by the analyses, nickel is partly bound in sulphides and 
partly as silicate. The greater part of the Ni bound in sulphides was 


Bd 78. H. 2] THE CONTENT OF CHROMIUM AND NICKEL 243. 


et free during the serpentinization of olivine. The kind of sulphides 
aries, generally being heazlewoodite or pentlandite. Bravoite and 
yrrhotite have been recognized by Uytenbogaardt in two rock sections. 


Rautats, E of Lake Blasjoén 


Rautats, which is the largest occurrence of peridotite in Sweden, 

as been closely investigated and sampled. It is generally serpen- 
inized to about 50 %, though a little less in the eastern part and more 
in the western part. Many isolated dikes, veins, and clusters of chromite 

ave been found, most of them in the central western part of the mas- 
ive. Some have also been observed in isolated, small outcrops of 

eridotite outside the main massive. The dikes or veins of chromite, 
running in different directions, are mostly about 1 dm in width and 
up to 20 m in length. One occurrence investigated was about 1/; m 
in width and about 20 m in length. There have been other ones, too, 
which, however, were broken out before the author visited Rautats. 
Clusters and schlieren of chromite have also been observed, generally 
rather small in size. Some bodies were very irregular. 

The whole peridotite area was evenly sampled with almost 100 
samples. In general the rock samples had a content of about 0.4 % 
Jt,03, but when there were chromite aggregates present the chromium 
content was high (the iron content had often not increased). Five 
‘ock samples with chromite aggregates showed 6.56, 7.00, 7.8, 14.1, 
3.0 % Cr,O3, but only 3.2, 2.9, 3.9, 2.9, and 3.5 °% FeO soluble in HCI. 
4 sample very rich in chromite showed 38.4 % Cr,0. The dikes and 
chlieren of chromite were evidently late intruded in the peridotite 


Table 3. 


Volumetric percentage of eleven rock samples. Rautats. 


MIVING . a ecceae 59 49 49 45 45 43 42 41 31 29 22 
BMIStALILG . . .< os. 0.3} — 0.4] — a 4 2) 2 2 0.2} 0.1 
Eremolite ....... Oty ot 74 2 1 4 J 3.0) 2 OL) (0.4 
Berpentine ...... S000 47 |. 46 [51 | bl) | 46.7 53.01 7495) (689), 67) 75 
Bulorite:..o...... 0.4) 0:2] 0.8} 0.1] 0.8} (0.1) 0.3) 0.6). 0:4) 2). | — 
or-magnetite ....| 1.2} 0.8] 0.9] 0.3) 0.8) 0.6) 1 0.5| 1 0.6) 0.5) 
Spinel (often with 

iron oxide pre- 

cipitation) x ..|o— 1 0.4] «0.9 1 1 1 O42) O25) 0.7 ae 
ulphid: nt- 
landite) ee oat tri. ta tee thee |e tte | tha. tee ers, | das 0.1| tr. 
as ee Mi 2 OF) 1. 0.6f 00a 1.3] 04S eee uO ie 
Jarbonates...... a Of 01\e— ei Wall) ae 


100.0: 100.0] 100.0, 100.0] 100.0} 100.0} 100.0} 100.0 100.0, 100.0} 100.0} 
| 
issn eo ne Ee 
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(or crystal mush of olivine), and the mineral is of a composition decid- 
edly different to that of the accessory crystals of the peridotite rock 
(Cr-bearing magnetite). 

The mineral composition of the peridotite, being a dunite or a sax- 
onite with but little enstatite, and the serpentinization of the rock have 
been described in the earlier paper (5). Remarkable is the precipitation - 
of a dust of greenish spinel around the olivine grains, which is pictured 
from thin sections in photos 4 and 5, The rock composition in volumetric 
percentage, according to thin and polished sections, is given in Table 3. 

The first rock sample is from an isolated occurrence § of the main . 
massive. The last ones are from the western, more serpentinized, part - 
of the rock complex. As seen by the analyses, all the rocks are more or ' 
less altered with an average of 50 % serpentine. This figure may ° 
include a little bastite, secondary to enstatite, which probably averaged © 
about 1 % of the original ultramafic. Small amounts of secondary 
tremolite, chlorite, talc, and spinal are almost always present. 

A large rock sample from the western part of the massive was chemi — 
cally analyzed, Table 4. Analyst: P. Lundman. 

The green spinel fibres occurring in the rocks of Rautats are of the : 
same type as those earlier described from Vuoka Ruopsok, p. 115. 
This mineral also evidently contains some chromium and nickel set 
free during the early serpentinization. 


Table 4. 
Serpentinized peridotite. Rautats. 


Chemical analysis Mineral composition, weight % 
here uate oreraiatets 35.5 Olivine, 5/9, \We:SiOumic seed aeee 
npr tava < 0.02 Enstatite sj, sis'sy «the cite ices «eee 
rete sheer 0.20 Lremoliteni:: os «.herennicoe Cont ameE 
Sefeuaia\s)<, arekt 0.45 Serpentine)... <n d-nekn iiente cme ee leeTe 
ttn io chal: 2.71 Dal: s:Swgorstere sincere aici lene teers 0.2 
ayer neratrarennrs 4.65 Breunnerike «caesarean 0.7 
Sachecaionccausvate 3 0.10 Chromiferous magnetite ......] 2.5 
erate o,cate Oa 43.1 Secondary spinel (and iron 
Es Era cchtavanva st 0.20 oxides)< 3 bat eee eee LB 
toe banetcke ts leet tec 0.05 Sulphides (pentlandite + prob- 
As Chao < 0.02 ably chalcopyrite) ......... 0.1 
K,0 + Na,O .... 0.08 
Rt ati 0.02 ge 
Sflolnveereletedey eis tous 0.005 
tii nis rota 0.30 
ACoA f.2 11.46 
ehyaece 0.80 
at sea < 0.03 g/t 
100.06 
Sy oa At Relea OF 2.65 
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Magnetic concentration of chrome-bearing magnetite gave varying 
and uncertain results with less chromium than in the other concentra- 
tions, probably due to the fact that some chromium entered the spinel 
dust. The best concentration product gave the following figures: Si0, 
7.72, Fe total 66.22, Al,O, + Cr,O, 6.14 (Cr,0; about 5.62), MnO 0.70, 
MgO 6.89, NiO 0.48, CaO 0.46, 8 1.09. The iron content is a little too 
high because of the admixture of metallic iron at the crushing, and the 
result is thus not reliable. In general, however, the results indicate 
that the chromium content of the chromiferous magnetite is com- 
paratively low. A separation with a heavy liquid and reduction of 
olivine present from the analysis gave a calculated rough value for the 
heavy remainder (of another rock sample): Al,O; 3, Cr,O3; 18, Fe.O; 31. 
FeO 30, MgO 17, NiO 1 %. This includes both the spinel and the mag- 


netite and indicates that the spinel is relatively rich in chromium and — 


poor in aluminium. 

The accessory grains (original grains) of chromiferous magnetite 
are generally about '/, mm in diameter, varying between 0.1 and 
2 mm. They were idiomorphic originally but were generally deformed 
during the serpentinization. Sometimes a little secondary magnetite 
was formed at the serpentinization as very small grains (about 0.01 mm 
in size), just as has been described from Junsterklumpen. 


Fig. 6. Polished section of chromite rock with well visible cracks in the chromite grains. 
Magnified 3 x. 
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Fig. 7. Typical grain of pentlandite (penetrated by chrysotile veins). 330 ». 


The chromite dikes are generally composed of chromite and some 
nterstitial chlorite and serpentine. The chlorite is generally penninite, 
yut it may also be clinochlorite or kimmerrerite. The average volu- 
netric composition is about: 62 °/ chromite, e % chlorite, 3.4 % ser- 
entine, 0.3 % tale, 0.1 % olivine, and 0.2 % secondary magnetite. 
“here are many small, irregular veins or EN stringers of chromite, 
enerally about one or a few metres in length. The peridotite close to 
he vein is in most cases more serpentinized than the peridotite other- 
rise. The more irregular the veins, the more serpentinized is often the 
urrounding rock, which may indicate some tectonizing of the rock at 
he intrusion of the chromitic material. 

Samples from two chromite dikes were separated by centrifugalization 
1 Clerici’s liquid with spec. gr. 3.7 and the chromite analyzed, analyst 
h. Berggren: see Table 5, p. 248. 

5b is evidently not quite free from impurities (about 6 % penninite 
nd 1 % serpentine), the removal of which might increase the Cr,O, 
mntent with about 2.7 % and the iron and aluminium oxides with 
8 each, while MgO might diminish with 1.6 °%. The composition of 
le chromite of Rautats is rather similar to those of Alaska or the 
enbow property of the Stillwater Complex according to R. HE. Stevens 
2) and Peoples and Howland (21). The Rautats chromite is rich in 
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Table 4. 


Chromites from Rautats. 


b with reduc- 
tion for 1 % 
serpentine, 
6 % chlorite 


SAE Ore 46.13 41.97 | 4.7 
sktg omelens 20°98 21.84 22.6 
Maldrees 23.20 21.34 22.1 
eerie 0.14 0.09 0.1 
b eietaketes 9.01 12.00 10.4 

aevie arcs — 0.02 0.02 
— 0.00 0.0 

ale aes 0.08 0.08 0.08 
saaheksiarece 0.26 2.44 — 
— 0.00 0.0 

i; 99.80 99.76 100.00 

| Las | 1.73 1.78 


Fig. 8. Crystals of what is probably awaruite in olivine, Rautats. About 300 <5 
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aluminium and iron and relatively poor in magnesium, which is strange 
as it is found in an ultramafic almost devoid of aluminium and poor 
nm iron. It is contrary to the general idea that chromites high in alu- 
minium are typical of ultrabasic rocks relatively rich in Al and that 
eridotites poor in Al and rich in Mg should have chromites poor in 
=a 

: Nickel-bearing sulphides are always present in the peridotite but 
a as solitary grains of a very minute size. The volumetric content has 
een estimated to be below 0.05 %. Chemical analyses of 6 rock speci- 
mens showed, however, an average content of 0.1 % S by weight. This 
ae cannot satisfy all the amount of nickel of the rock and part 
f it is thus bound in olivine, the average content of Ni being 0.25: 
ind Co 0.04. The dominant sulphide mineral is pentlandite, which 
ontains, too, about as much iron as nickel. Fig. 7 is a microphoto of 
yentlandite grains from one locality. In a locality S of the main mass. 
f peridotite very bright, white, minute crystals within olivine grains 
lave been observed, Fig. 8. They are probably awaruite. 


Klumpliklumpen, between the two lakes 
Jormvattnet and L. Blasjén 


The peridotite of Klumpliklumpen is rather much serpentinized 
predominantly antigorite), but very irregularly. It is often almost 
ompletely serpentinized, but there are some parts, too, that are little 
erpentinized, e.g. at the summit of the mountain where the peridotite 
as about 60 %, olivine. Some parts of the rock complex are more 
1etasomatically altered with much magnesite (breunnerite and anker- 
fe) and talc, besides serpentine and small remnants of olivine. This is 
ot figured in Table 6, below. 


Table 6. 
Vol. percentage of some peridotites from Klumpliklumpen. 


net and ee Oc 
Wh ee 70 | 60. |-43 | 37. +)36 75:| 6.6 
PATURIS OLIN «eve. «ce «0.0: 24 | 30 48 58 55 83 89 
Chrysotile... 0... s+ 1 1.9 — 1 — — = 
PChloriter cs... Ota tr. = = cS 0.2 
Me CarbOnates!... 66s... 0.3 0.1 es — 4 0.5 0.1 
MC se a covet 3. eee | — — et — — ee ees 
| Cr-magnetite ........ 4.6 8 8.6 3.9 5 9 5 
W Sulphides ...:....+.. tr. tr 0.1 On| tr: tr. tr. 
WEPEMONEG? jsieve cere 6 Ho — — 0.1 — — — — 
100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 | 100.0 
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ig. 9. Klumpliklumpen. A large, primary grain of chromiferous magnetite and rows 
of small, secondary magnetite in serpentine. About 180 x. 


R oa Ve? 
te. 
MAbs peat 


Fig. 10. Klumpliklumpen. Strings of small grains of secondary magnetite in olivine 
and antigorite. About 100 x. 
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figs. 11 and 12. Cross-cutting veins of fine-grained Cr-magnetite in peridotite from 
Klumpliklumpen. 


—563060. G.F.F.1956. 


| 
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The-Cr-bearing magnetite appears as corroded grains up to 2 mm 
in size (generally averaging 0.3 mm) which may have a darker core 
(seen in polished sections) richer in chromite, but the mineral may 
also be quite recrystallized (compare photos from Aunevare below). 
In one section it was seen to be partly replaced by goethite. There are 
also quantities of secondary magnetite grains set free during the ser- 
pentinization, in thin sections often seen as a black powder within the 
olivine. This magnetite is often arranged in long strings of grains (about 
0.2 mm in grain size), as shown in the photos, Figs. 9 and 10. In some 
cases much of the secondary magnetite may be attached to the primary 
magnetite grains. 

In some parts of the Klumpliklumpen complex, e.g. at the top of 
the mountain, the chromiferous magnetite appears as veins and strings _ 
of grains, often in a net-like arrangement (cf. photos Figs. 11 and 12) 
with or without accompanying serpentine. The rock complex was 
brecciated at the serpentinization and folding of the rocks.: The cracks 
and slip-faces of the rock were filled out with recrystallized Cr-magnetite _ 
and secondary magnetite (all of it seems to be magnetic). As the pro- 
portion Cr/Fe is a little higher than usual, it is possible that chromitie 
magnetite was introduced as veins just before the general serpen- 
tinization. The mineral is now generally recrystallized but often shows 
cores rich in chromite. The fine secondary dust of magnetite is lighter 
in colour in polished sections and it is evidently rich in iron. 

Five different rock samples had the following average contents of 
Gr,O3, FeO soluble in HCl, Ni, and Co: 0.57, 3.3, 0.12, 0.11 (and no 
trace of platinum). The Cr/Fe proportion of the chrome-bearing mag- 
netite is thus fairly high. The nickel content is lower than the average — 
for the peridotites, but the cobalt content is the highest one observed 
and it is about as high as nickel and even in composition (0,09, 0,11, 
0.11, 0.11, 0.12), Ni/Co being 1.2. Hither heazlewoodite or pentlandite 
was observed in the analyzed specimens in vol. amounts of about 
0.01 to 0.1 %. Three of the samples analyzed for sulphur showed 0,15, 
0.078, and 0.086 %. A large part of the nickel-cobalt is thus bound to 
sulphur, but some of it is still bound in silicates. 

The crystallization of the sulphide was almost contemporaneous | 
with the formation of the secondary magnetite grains (cf. the photo, 
Hig. 13). 5 

| At Rotikken, further to the north (in Lappland), the rock complex 
is also very much serpentinized (with carbonates and talc) and very 
schistose. It is partly covered with serpentine conglomerates on the 
slopes of the mountain (cf. Kulling). 

The southern part of the mountain shows several small lenses or | 
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Fig. 13. Late crystallized grains of heazlewoodite and magnetite (gray) in a matrix 
of antigorite. Klumpliklumpen. About 300 x. 


sack-shaped bodies of chromite! with about 50 °% chromite in a ser- 
sentinized matrix, often with some chlorite. The lenses are generally 
elow 5 m in length. The northern part of the mountain has more 
reins of chromiferous magnetite, which, at least partly, are of the 
ame mobilized type as those at Klumpliklumen, but there are also 
ome small, schlieren-like aggregates and veins. 


t6dberg, N of Kultsjon in southern Lappland 


Rédberg (Red Mountain) is a rock on the northern shore of Lake 
cultsj6n. It is a very much serpentinized peridotite. 

A large sample was chemically analyzed, Table 7. 

Olivine only occurs as remnants in serpentine. The serpentine con- 
ists mainly of antigorite. Chlorite (clinochlorite) is more frequent in 
nother rock sample, and carbonates in a third. The magnetite consists 
f large, primary grains, generally below 1 mm in size, which have a 


1 Such small lenses or sack-shaped bodies of chromite have also been observed at 
iktarklumpen, Muruhatten, and Silkentjakk. Distinct dikes of chromite, as well as 
nall schlieren, have been observed in the hydrothermally altered peridotite of Lejar- 
umpen (about 10 km NE of Rautats). 
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Table 7. 


Serpentinized dunite. Rédberg. Analyst P. Lundman. 


Chemical composition Mineral composition, weight %. 
SiOWoaree aisha 38.1 ¢ Olivine (6 °% Fe,Si0,) ...-..- 14 
BW ODOR Gagne nckchete oa 0.36 OL PELelle en cre micenepn eel eyeaiee 79 
CreO crap laconhetatene Ts 0.43 Chromiferous magnetite ...... 6.3 
Fe,0, (Fe,0; + BLOUBMELIGe deletes ee atolete ss eaters 0.3 

HOO} 5 6 seers 8.60 Sale. as tieatevsvese os ters easwiare oie aieteal 0.1 
WiHOM Go sacoenébne 0.09 Chiloriten cis + aiileiroienneeietersices 0.1 
INNS). 85. oo olions onc 39.8 Pentlanditery «mare «esr 0.2 
INGOM A Gyesrel stains 0.29 
CO seers cituaehe metas 0.008 we 
Oa Oe eet erteeyets hore 0.02 
(COM at rerstaicnaca 0.15 
Sho mapot ds aoc 0.06 
AIS veers, etemua sca tshslals 0.001 
Ni ai sisiaalsimadneiare as tr 
Hs OPE a aseie asia aus 11.4 
JEN OSs borplotin oe 0.2 
JES Geraa og Ue < 0.1 gr/t 

99.61 
Poh eo ads c OOOr 2.73 


(S. Bergenfeldt) 


core somewhat richer in chromite (also magnetitic), and small second- 
ary grains of magnetite set free during the serpentinization. The large 
Cr-magnetite grains may sometimes also be corroded by secondary 
magnetite. The small, secondary grains are about as numerous as the | 
large, primary ones. | 
A magnetitic concentration gave the following analysis: SiO, 8.15 %, 
Al,O, 0.54, Cr,0, 3.44, Fe,O; 44.90, FeO 26.36, MnO 0.14, MgO 9.42, 
NiO 0.05, CaO 0.18, 8 0.14, Cr/Fe 0.05. This analysis shows a somewhat 
lower percentage of chromium and a lower proportion of chromium 
to iron than the concentrates from other localities, which was to be 
expected in view of the great secondary enrichment of magnetite 
during the serpentinization. tf 
In one rock section a few small grains of ilmenite have been observed 
showing that a little titanium is present, a mineral which otherwise is _ 
scarce, 


by X-ray analysis by A. Danielsson. In another rock sample an addi- 
tional sulphide besides pentlandite was observed. As it was anisotropic, 
it is probably heazlewoodite. 
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Aunevare, H of Liake St. Ransan 


The mountain Aunevare is one of the largest occurrences of peridotite 
in Sweden, being the centre of several ridges, coming from the south 
and from the north-east. The composition of the ultrabasic rocks of 
Aunevare also varies. 

More or less serpentinized dunitic rocks are in majority, but several 
occurrences of rocks rich in monoclinic pyroxene have been observed, 
which are rather rare elsewhere. The amount of serpentinization also 
varies. In the little serpentinized rocks it is generally a mesh-structure 
Serpentine of chrysotile veins as a network around and through the 
olivine grains, but in the much serpentinized rocks larger antigorite 
laths cut through the olivine as well as through the earlier formed 
chrysotile veins. In the outlying ridges of peridotite the serpentinization 
is generally more prominent. 

In order to show some of the variations in the composition of rocks 
a collection of mineral analyses from Aunevare is given in Table 8. 


Table 8. 


Vol. percentage of rock samples. Aunevare. 


a | b c d | e | f | g | h | i 

Oe eee 81 62 56 43 29 36 33 3.3 2 

BeDStAbIGG oc. es ek ee 0.1 0.1 \ 3 0.5 1 

BESEDSIAG © oie o's - o'e. > 9c O52 3 40 46 22 

remiolité ..... cance . 10 

Serpentine .......... 17 12 25 50 28 62 63 47 69 

OMCs aia cies ole Sccncvs 0.5| 24 2.4 1 0.1 0.6 

re eae se cisieixie cece 0.1 0.4 0.4 

Marbonates .......... 1 0.5 

Cr-magnetite ........ 1.4 1 2.3 2.9 2 1.9 2.9 Bae 6 
Moulphides .........<% 0.1 OL OZ. | ote 0A OAs tus tr 


Secondary spinel .... 0.2 
| | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 100.0 100.0 | 100.0 


The composition of olivine in one of the rock samples was 8 mol. %o 
fe,Si0, according to the refraction indices. The diopside (diallage) is 
wf the ordinary type. Orthorhombic pyroxene is rare and it often only 
yecurs as twinning lamellae in the monoclinic pyroxene. Chlorite, tale, 
nd carbonates occur locally, chlorite in somewhat varying composi- 
ion. The magnetite in Table 8 is both the accessory, primary chrome- 
earing magnetite and the secondary product. ; 

The accessory, chromiferous magnetite is prominant among the ore 
ninerals though it only occurs in a few per cent in quantity. It generally 
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Fig. 14. Large, accessory, chromiferous magnetite with a darker centre richer in 
chromite and a thin outer border more like magnetite. Aunevare. 100 x. 


Fig. 15. Large, accessory Cr-magnetite as seen in immersion liquid showing a dark 
centre rich in chromite and an outer border rich in magnetite with an intermediate 
zone between. Aunevare. 165 x. 


Fig. 16. Chromiferous magnetite with an outermost shell of magnetite unevenly 
replacing the central part. 110 x. 


Fig. 17. Early, accessory Cr-magnetite surrounded by secondary magnetite grains. 
- A small grain of heazlewoodite is seen in the olivine above. About 50 x. 
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Fig. 18. Chromiferous magnetite partly recrystallized at the formation of secondary 
magnetite, but darker cores may still be seen. 350 x. 


Fig. 19. Heazlewoodite replacing serpentine, olivine, and magnetite. About 25 x. 
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averages 0.3 mm in size but larger grains are up to2 mm or above. It is 
almost always corroded in the borders and crystal form is lacking. The 
mineral is generally composed of a larger core richer in chromite (cf. 
photos, Figs. 14 and 15) and it may also have two outer shells, the 
outermost one being much whiter than the other one in polished sec- 
tions in immersion liquid (Fig. 15), evidently being of the same com- 
position as the secondary magnetite grains. Even three outer shells 
may be seen. This outermost magnetite often replaces the central, 
chromiferous magnetite unevenly and along cracks, as is seen in the 
photo, Fig. 16. How the small, secondary magnetites may surround 
the earlier Cr-magnetite is seen in Fig. 17. 

The small, secondary magnetite grains generally appear as isolated 
grains or as strings of grains as pictured from occurrences described 
above. In quantity the secondary magnetite is generally less than the 
larger, earlier one, but it may locally be more abundant. When the 
secondary magnetite was formed during the serpentinization part of 
the earlier magnetite or all of it may be recrystallized as shown in 
Fig. 18. Analyses of magnetite concentrations have shown that all of 
it contains some chromium but successively less from the highest 
content in the kernel of the large grains to the lowest content in the 
fine secondary grains. 


Fig. 20. Heazlewoodite replaces olivine and tremolite but is about 
contemporaneous with antigorite. 
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Fiz. 21. Heazlewoodite replaces tremolite, olivine, and envelopes 
magnetite. About 150 x. 


Fig. 22. Allotriomorphic heazlewoodite with very minute, harder grains of 
pentlandite. Aunevare, about 100 x. 
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Two of the rock samples from Aunevare were the richest ones of all 
eridotite samples in nickel-bearing sulphides. Two rock samples 
xamined with X-ray photographs by E. E. Wickman and A. Daniels- 
on both showed the typical lines for heazlewoodite according to Pea- 
ock (20).1 Pentlandite often also occurs in smaller quantity, though 

it may predominate in places. Other very minute grains of sulphides 
ere determined by W Uytenbogaardt to be pyrrhotite and pyrite. 
eazlewoodite is always allotriomorphic, replacing other minerals, such 
s olivine, pyroxene, tremolite, and Cr-magnetite (cf. Figs. 19—21) 
ig. 22 shows heazlewoodite associated with some pentlandite. 

Analyses of rock samples have shown that the quantity of cobalt is 
bout one-tenth the quantity of nickel and that not all of the nickel 

is bound in sulphides. A trace of As may also occur. 


Kittelfjall (ENE of Aunevare) 


The Kittelfjall peridotites oceur in an environment of micaschists, 
amphibolites, and gneisses. They are little altered dunites and sax- 
nites. Some outcrops show, besides olivine, a little tremolite with talc 
and chlorite, some show a few per cent of serpentine. The rock is rather 
poor in ore minerals, generally containing about 1 ° of chromiferous 
magnetite, and it may be almost lacking in sulphide grains. 

One of the larger localities has been sampled for chemical analysis 
Table 9). Another rock locality in the same area has been described 
yy N. Sundius (Geol. Fér. Férh. 1949, p. 495), who gave a chemical 
malysis (analysis C in the table below) and pointed out that almost 
ll of the nickel present was contained in the olivine molecule. The 
nalyzed rock (9) shows the usual predominant olivine, which has 
bout 7 % of the fayalite molecule, with a few per cent of talc, tremolite 
actinolite), penninite, Cr-magnetite, a little ankerite and serpentine, 
ith traces of nickel-bearing sulphide. 

The few magnetite grains are dominantly of the accessory, chromi- 
rous magnetite type, below 1 mm in size, but there is also a little 
scondary magnetite, in the shape of fine grains about 0.02 mm in 
lameter. Some of the large Cr-magnetites may also have a thin rim 
f light-coloured magnetite. A magnetic oncentration of the ore minerals 
uve a very limited product with a high iron content (low proportion 
r/Fe). It indicates a chrome-bearing magnetite rich in iron. 

‘The sulphide was very minute in size and the kind difficult to deter- 
ine. The investigation shows that in the pure peridotites there is 


1 The reflectivity of heazlewoodite in one rock section was by O. Brotzen measured to 
58 %, with anisotropy variations between 40 min. and 70 max. % (white light in air). 
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Table 9. 
Dunite, Kittelfjdll. 


Mineral composition, weight % 


C (N. Sundius) (anaincan 


SL Os sivaiei «sas terecicss | 40.7 43.21 Olivines nuts «sche sets eee 90 
TO} fete sic somata — 0.01 TREMOLtC: <\. o baw ov a)sacgeees 2.5 
AL Opicmepeieiitas 0.44 0.38 Me MOS e ayesve Git «,ctavens dvi tore 2.3 
Cr Ocarina aero 0.56 0.43 Pennine o,inr.ow cee eee 3 
Hie; Opuamrictersseneneve 0.5 2.91 Cr-magnetite ......:..:.- 1 
HG Owrcmetenste yer 7.6 5.09 Wels tes6), | PHAS OOD COUN OOo” 1 
Min Oia Sisreretcestetens tore 0.31 0.11 Ankeéribe Soicie ts ouice ear 0.2 
Mg OP retraite: 47.0 42.41 (Sulphides about 0.01) 
BSE ON edo on ate noe 0.47 0.26 
Gowdcnetni svete n. d. 0.01 100.0 
CaO tas srs stersiersie > 0.36 0.29 
CON Reaagiaer. tare > 0.1 a 
Sarencie ete renetenane arene 0.008 0.03 
ANS tatevacatae o Nei evareve 6 0.001 — 
TAs Oreste ate aus 3 0.62 4.61 
Om mecemctacr 0.1 0.42 

98.77 100.17 
ies (MoeOR ohovoe 3.1 


generally only a trace of sulphur present, which fact proves that almos: 
all of the nickel present must be confined in the silicates, and also « 
little in the chrome-bearing magnetite according to the analysis of ths 
magnetic concentration. 

The analysis quoted by Sundius (C) indicates a rock (another out; 
crop) much more serpentinized. According to Sundius it also contain 
some enstatite (about 1/3 of the content of olivine). Sundius did no 
obtain any nickel sulphide in the heavy fraction during separation iy 
heavy liquids, which may be due to the very minute size of the sulphid: 
grains. The fine grains of secondary magnetite may also have give: 
some chromium in the lighter fractions (contained within other minerals) 
but both analyses show that some of the primary chromium conten 
must be contained in the silicates. 


Rénnback region (SE of Lake Bjérkvattnet) 


Around Lake Ronnbick and Lake Seimajaure there are abou 
twenty different outcrops of serpentinized peridotites, which have al 
been sampled. They generally have about 0,4 % Cr,0, and 0.3 % N 
The variation of nickel is greater than that of chromium. Those analyze 
for sulphur show about 0.1 °% (0.07—0.16). They also seem to have 
little Co, As and Cu, generally about 0.02 %. 
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The degree of serpentinization of the peridotite varies rather much 
from little serpentinized dunite to almost quite serpentinized ones 
which generally are rich in carbonates. A volumetric analysis gives the 
general mineral composition of the rocks: 


Table 10. 


Volumetric composition of peridotites from the Rénnbick region. 


a | b | c | d | e | f | g h | i 
| 

BMRIAG 6 cae: wis oo asic 73 56 52 39 38 25 5 04) — 

MTOMONLO . 2220+ ssc 00 2 — 7 5 — 0.8] — — 

Berpentine .......... 24 40 35 46 59.5! 66 62 84 77 

EMAC eg cioha sds) e-<'9'< So tr. 15 0.1 0.9 0.2| — 2.9 | — — 

RP DONRECS ... 2 esa e's —_ 1 0.1 4 — — 27 15 20 

Cr-magnetite ........ 1 1.4] 5.6) 5 2 5 3 0.5 3 
mepulphides ........... tr. G15) O21" SOS 1s 072)" Cee Or Sr0-1 | tr 
meGeothite ............ _ — tr —_ 47: — — tr. _ 
Bechlorite .............- — — — — — 3 — |— -- 
| 100 


In one rock specimen monoclinic pyroxene was also present. Bastite 
serpentine shows that enstatite was originally present in one rock 
‘sample. The tremolite is often partly altered to talc. The Cr-magnetite 
partly consists of larger grains of primary, chrome-bearing magnetite 
and partly of finer grains of secondary magnetite. The former appear 
in varying sizes between 0.1 and 2 mm, generally about 0.4, and the 
Cr-magnetite may be homogeneous but is often zoned with one or 
two other margins richer in magnetite, cf. photos, Figs. 23 and 24. 
hey are generally corroded by antigorite.1 Goethite and maghemite 
(Uytenbogaardt) may appear as alteration products. Goethite is also 
condary after sulphides. 

The fine-grained, secondary magnetite, of the usual colour of pure 
agnetite, often appears in strings, but also as solitary grains and even 
replacing veins in chromiferous magnetite, cf. Figs. 25—32. It may 
ilso follow slickenside surfaces. 

The sulphides vary greatly from occurrence to occurrence. The most 
sommon ones are pyrite, pentlandite, and heazlewoodite. Bravoite has 
been recognized in two polished sections, arsenopyrite in one and metallic 
opper in another. 


1 Antigorite also generally dissects the secondary magnetite, which is due to the 
ct that antigorite is a recrystallization product of earlier chrysotite. 
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Fig. 23. Rhombohedral crystal of Cr-bearing magnetite with a thin margin 
of magnetite. Rénnbick, about 110 x. 


Fig. 24. Idiomorphic crystal of Cr-magnetite with a margin of secondary magnetite. 
About 130 x. 
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ig. 25. Rectangular Cr-magnetite enveloped by secordary magnetite and partly 
replaced by it. Rénnbick, about 200 x. 


‘ . . . . * . . lso 
t. 26. Idiomorphic Cr-magnetite with a margin of secondary magnetite which a 
ices it Pen ice. Intermediate product also discernible. Rénnbick, about 240 x. 
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A large sample from a peridotite outcrop between the two lakes 
Roénnbicksjén and Seimajaure was chemically analyzed (Table 11). 
As a comparison the earlier analysis from Laisholm further north of 
Rénnbiick is given as No. D (Analyst R. Blix): 


Table 11. 
Peridotite from Rénnback. Analyst P. Lundman. 
ll D Mineral composition, weight % 

BIOs rive are stots 38.8 38.12 es | ue 
AIOE) Caeteciok 0.20 0.20 
CTA Os coats canna 0.38 0.45 Olivine 5 mol. % 
Hes Oy crete ¢ sieveiste-s 3,9 4.89 Fe,SiOy 2). 5) eee 48 62 
HOO sia Syste ora 3.6 4.97 Tremolite, ...\2. suse. 4.6 — 
Mn Osta a cieniavicon Nad. 0.23 Serpentine .......... 42 31 
MEO Wo itidawsrst 44.3 44.94 Chlorite | 7.../..0<teaeseiais — 0.4 
INaR tame secretin: 0.33 10.20 Carbonates ......¢... 1 0.5 
CONG Rez none eiaia 0.016 10.06 Magnetite..........- 4 6 
OKO torts Sa nee 0.83 0.30 Fe-Ni sulphides ..... > S08 0.1 
Na,O + K,O ~- 0.03 Goethites 5c.) gens 0.1 — 
COR mi ate. 0.46 0.24 
Su utitenescar toilet eters 0.10 n. d. 
ASTAt Gas sateahedins 0.001 n. d. | 
SCE et bead 6.7 5.39 
Es Ooi teit treet er 0.17 0.20 
BB kerersete eters l< 0.1 grit 

99.79 100.22 100.0 | 100.0 
Spr erin anre 3.12 


By separation with heavy liquids three separate products of the: 
rock were obtained (H. Ornstein): serpentine, olivine, and ore minerals. . 
The serpentine and olivine products were not pure minerals, the ser- - 
pentine carrying some olivine and tremolite, and the olivine a little: 
serpentine, ankerite, and tremolite. Recalculated analyses give for 
olivine: SiO, 40 %, MgO 54, FeO 4, Ni 0.3 (4 mol. % fayalite); and for: 
serpentine: Si0, 39 %, MgO 45, FeO 2.8, Ni 0.15, H,O 13. 

The magnetic material was separated from the heavy fraction, and| 
the smaller remainder (two fractions) analyzed with X-ray photographs : 
and spectrographically (A. Danielsson). The main phase of the remainder 
was pyrite, and another one spinel (a very small part), other substances : 
were not discernible in the X-ray photos. The two fractions showed | 
approximately 3 and 8 % Ni (the latter was obtained from another. 
rock sample than the analyzed rock specimen). According to the X-ray) 
photo most of the nickel must be contained in the pyrite crystal gitter, 


* Complementary values for the Laisholm analysis were determined by the Boliden 
Laboratory. 
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Fig. 27. Primary Cr-magnetite with a thin border of magnetite and dissected by 
magnetite. Close by a large grain of secondary magnetite (between serpentine and olivine). 
80 


fig. 28. Chromiferous magnetite with a shell rich in magnetite which enters the core 
n veins in crystal directions. A minute grain of sulphide at the outer margin. About 
170 x. 
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Fig. 29. Cr-magnetite with two thin shells of outermost magnetite and intermediate 
product. Rénnback, about 290 


Fig. 30. Cr-magnetite replaced by unevenly zoned magnetite with remnants of Cr- 
magnetite in the shell. Quite black = antigorite. ‘Ronnbick, about 170 x. 
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Fig. 31. Fine grains of secondary magnetite, about 0.02 mm in size, often arranged 
in strings and clusters. Rénnba 


ig. 32. Veins and slickensides of serpentine with scattered grains of magnetite. The 
rounding rock is little altered dunite with solitary grains of Cr-magnetite. 3 x. 
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Fig. 33. Magnetite with remnants of chromiferous magnetite partly replaced by 
pentlandite, and a large pentlandite with heazlewoodite in the border and replaced 
by pyrite. About 350 x. 


Fig. 34. Bravoite (gray) almost enclosed by pentlandite (dissected by antigorite, black). 
Rénnbick, about 700 x, immersion liquid. 


according to the polished sections pyrite often appears as a replacement 
product of pentlandite. 


P. G. Kihlstedt has made a preliminary investigation of the separa- 
tion of ore minerals from a locality 8 of Lake Roénnback. His report 
may be summarized as follows: »A microscopic investigation of the ore 
minerals shows that magnetite and »chromite» partly appear in the 
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same mineral in the peridotite. In some ore grains of a size of about 

Q.2—0.6 mm there appears a kernel of crystalline »chromite» enveloped 

by an irregular shell of magnetite. The »chromite) crystal is often 

fractured and the fractures filled with magnetite. The magnetite may 
also replace the faces of the »chromite» crystal. 

In the silicate minerals a small quantity of sulphide minerals appears, 
very finegrained, but sometimes of a size of 0.1 mm. This mineral 
appears, too, in certain cases as inclusions in the larger chromite-magne- 
tite aggregates. 

By separation the following magnetite concentrate was obtained: 
Cr 2.9, Fe 31.3, Ni 0.36. In another assay a little more nickel was ob- 
tained: Cr 2.7, Fe 29.5, Ni 0.61, S 0.28. By flotation the best nickel 
product obtained was 5.5 °% Ni. The low value is due to the minute 

grains of the sulphide and to the fact that not all of the nickel is bound 
in sulphides. Other flotation products in very small quantities were: 
Cr 0,42, Fe 2,43, Ni 0,14, which gives a Cr/Fe proportion of 17,3 %. 
It was higher in the finegrained slime, which shows that some grains 
are much richer in chromite while a-great part of them do not have 
10 % Cr/Fe, viz. the secondary magnetite precipitate. Upon repeating 
the flotation a small Ni-sulphide concentrate was obtained: Cr 0.12, 
Fe 9.5, Ni 5.5, which shows that Fe may almost be double that of Ni 
in the sulphide mineral. The chromite concentrate at the same time 
was: Or 0.56, Fe 2.64, Ni 0.13, ie. Cr/Fe 21 °% (but very little enrich- 
ment of Cr in proportion to the original rock). When a magnetic con- 
centrate was divided by shaking the table the first product obtained was: 
Cr 3.07, Fe 28.7, Ni 0.27 %, which gives a Cr/Fe value of 10.7 %. 
We may thus state that the whole Cr-bearing magnetite mineral has 
an approximate Cr/Fe proportion of 1/10, while the pure core has a 
proportion of 1/5, which locally may be as much as 1/3. The average 
Ni/Fe proportion in the sulphides investigated is about 58 %. 

The appearance of the ore minerals is illustrated in the photos, 
Figs. 23 to 36, where the original chromiferous magnetite often 
has a crystal form and is enveloped by an irregular margin of mag- 
netite, which may dissect or replace the chromiferous centre, often 
following crystal directions. The outer margin has sometimes two or 
three outer shells, which may also have isolated remnants richer in 
chromite. Figs. 33 to 36 show the appearance of pentlandite, bravoite, 
nyrite, and replacing goethite in the border of the sulphides. The sul- 
phide is often associated with the secondary magnetite. 

In the region around Laisholm (N of Tarnaby) there are several 
small bodies of peridotite in different stages of alteration. They all 
carry the usual content of chromium, but a little less nickel than the 
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Fig. 35. Bravoite (gray) within pentlandite is partly replaced by goethite. Immersion 
liquid. About 360 x. 


Fig. 36. Magnetite (and Cr-magnetite) at the margin replaced by pentlandite (white)| 
which is partly altered to goethite (black). The upper part of the pentlandite is replaced 
by pyrite and goethite. Immersion liquid, about 350 x. 


| 
| 
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average of the peridotites, thus averaging 0.18 %. Two analyses of 
Co show 0.06 and 0.01 %. All the rock samples analyzed were sulphur- 
bearing and it is conceivable to assume that the largest part of the 
nickel is bound to sulphur. Pentlandite seems to be the most common 
sulphide, followed by heazlewoodite. 

The petrography of the Laisholm peridotite and its alteration to 
soapstone has been described in the earlier paper. 


Sakok Ruopsok in Norrbottens Lappmark 


The Sakok Ruopsok occurrence of saxonitic dunite was described 
in the 1935 paper. Due to stress at the contact of the massive the 
olivine grains at the border of the rock complex are more or less granu- 
lated. The petrography of the rock is somewhat irregular in composi- 
tion, owing to strong local variations of hydrothermal alteration. Some 
volumetric analyses will be given in order to show the mineral variations 
within the same rock complex, Table 12: 


Table 12. 


Volumetric analyses of rock specimen from Sdkok Ruopsok. 


‘ | Sect we | itl ae | f | g | h | ; 

NEI FYE Gera ys, 8 yc ais fe 85.5 84 80 79 76 75 72 50.5) — 
BREOUZ1GC craigs so ole crs. 2.9 0.3 2 0.6 2 6 8 0.1 4 
BETGIIONUO ccc ox «co 0 10 12 8 5 8 3 8 8.5) — 
Chrysotile ........... — 0.1}\ 3 0.6 } ales 0.4 |) 98 — 
Antigorite ....... A dee ~- —- —- — |f — 
BEN IGTBLE axe ake 6 2,2 is 2 4 11 4 5 9 0:3| 27 
A Oe — 0.8 3 1.6 7 10 — 14 1.8 

Mmoarbonate .....2..5 — -- — 1.6 a 4 _- 1.8 Le ' “4 

| Cr-magnetite ........ \ 3 \ 0.8 \ 2 0.6 : | l 0.8 y 
Doishided i... ...<. + Sig it feaeg pre 0.5 ot} 02 


Secondary spinel .... 


| 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 


od 


The serpentinization of the rocks is generally slight or almost absent, 
but the hydrothermal alteration with a formation of secondary tre- 
olite, chlorite (penninite to kimmererite), tale and carbonate (breun- 
nerite and ankerite) is often pronounced. The orthorhombic pyroxene 
and the tremolite are more or less altered to talc and sometines to 
chlorite. The chlorite is often associated with the chromiferous mag- 
netite. The degree of hydrothermal alteration differs very much from 
pure peridotites to rocks almost like soapstone as local lumps. 
An earlier chemical rock analysis will be given in Table 13 (the Ni, 
Mo. and S values were determined by the Boliden Laboratory): 


iz 
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Table 13. 
Saxonite from Sdkok Ruopsok. Analyst R. Bliz. 


SiO ae eee ee | 34.70 Mineral composition, weight % | 
Al Ovaramneretsret tests 0.74 | ac 
Cr.O3 oe esses ees 0.60 Olivine (8 % Fe,SiO,) ....... 62 
He,03-...0 se. + + es 1.55 Enstatite ... ssc =a canteens 3 
FeO oc... eee ee 6.95 Kammererites ace tence 4.3 
MnO ......+04- 0.11 Tale iin se Stee 5 
MgO .......005. 43.79 Serpentine Sis. meacein eres ashe | 1 
Nive eee eee eee 0.21 Tremolite sis sien sae eect 1 4 
CO ws eee eee eeeee 0.02 Breunnérite <3. a2. ner ss ees fae sy 
CaO ..... Stee 0.52 Chromites-tnee eee eee ree ls, 
Na,O + K,0 0.10 Magritte’... mes cont nares ce: 
COs eee e eee ees 8,85 Subphides.2ig seaceui aces 0.3 
EX; O Fosters anenetetigtotons 1.06 
HOS pranyinanre 0.23 
See ieate eras aa 0.11 

| 99.54 100.0 
Spa Owls niece tic 3.26 


The distribution of the clusters of chromitic ore minerals is irregular 
and the clusters are generally accompanied by a rather strong hydrother- 
mal alteration of the primary silicate minerals. The magnetite minerals, 


Fig. 37. Lamellated magnetite in a vein of secondary talc. Skok Ruopsok, about 190 Ke 


— 
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Fig. 38. Heazlewoodite with beginning alteration to goethite along the margins. The 
grains above are Cr-magnetite. About 350 x. 


Fiz. 39. Heazlewoodite as remnants in goethite. Sikok Ruopsok, about 365 x. 
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generally about 1 mm in size, are thus partly chromitic magnetite or 
chromite (which generally are homogeneous but which may have 
secondary rims of magnetite or a beginning alteration to magnetite 
in the borders) and partly magnetite (Cr-magnetite). Secondary mag- 
netite was also formed during the hydrothermal alteration. The photo, 
Fig. 37, thus shows lamellated magnetites in a talc-serpentine vein 
through the peridotite. The magnetite was evidently recrystallized 
by secondary movements (schistosity). Minute, dust-like, secondary 
magnetites have also been observed. 

There are often relatively many grains of sulphides which may be 
up to 1 mm in size. Pentlandite, heazlewoodite, and bravoite have 
thus been observed. The heazlewoodite is often more or less altered 
to goethite and in some cases it only occurs as remnants in the goethite, 
cf. photos, Figs. 38 and 39. Pyrite has been observed in one rock spe- 
cimen. 


Feragen, Norway, close to the Swedish border 


Feragen is situated about ten km from the Swedish border, between 
the lakes Roragen, Feragen, and Gjetsjéen, SE of Roras. The area 
of the peridotite is about 17 square kms, almost rectangular. It is 
surrounded by quartz mica-schists, and schistose gabbrodiorite. At 
the northern contact and at two other places above the peridotite, 
serpentine conglomerates cover the ultrabasic rock. 

The ultramafic is often very much serpentinized. The original com- 
position was a saxonitic (to lherzolitic) peridotite with predominating 
olivine, but generally with about 5 °% of orthorhombic pyroxene, which 
may vary between 0 and 30 %. A little monoclinic pyroxene is often 
present too. As the pyroxene generally is altered, it is often hard to 
distinguish between orthorhombic and monoclinic pyroxene. The ser- 
pentinization is rather strong, but it is especially pronounced at or 
around chromite dikes or veins and at the contact to other rocks. 

The Feragen peridotite is very rich in chromite veins or schlieren. 
It has been mined or quarried at about 100 localities and all of the 
visible wide dikes have been broken by now. In the neighbourhood of | 
the mines and at other places only veins or thin dikes of chromite, 
generally less than one dm in width, are now to be seen. The widest 
one observed by the author was 15 cm in width (for a single straight — 
vein). Valuable information from the chief mining period during the 
first world war was given me by the former ganger John Nielsen. _ 

The larger chromite dikes mined mostly strike NW, varying between 
NNW and WNW, with a more or less vertical dip. The smaller ones, 


Fig. 40. Single vein of chromite about 4 cm in width visible for about 20 m. Feragen, 
northern slope. 


Dike of chromite ore, not quite compact, in serpentinite. Width 1 dm. 
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Fig. 43. Schlieren-like veins of chromite in serpentinite. 


Fig. 44. Leopard ore in serpentinite. The Skal mine. Photo by C. Burlin. 


n0wever, are less regular in strike and are often directed ENE or NE. 
They may be straight, single veins (cf. photos, Figs. 40 and 41), but 
vomplex veins and very irregular veins are also seen (cf. photos 42 and 
3). The veins or dikes are often more or less compact, but in some 
ecurrences the compact ore changes into clusters of rounded grains 
f chromite, generally from /, cm to 2 cm in diameter (cf. the photos, 
‘igs. 4446 in natural size). This appearance is evidently similar to 
he grape ore or leopard ore (cf. descriptions by Johnstone /12/,Do- 
lath /4/, and Hiessleitner /10/). It is a less compact crystallization of 
he ore material towards the surrounding serpentinite but with rather 
arge spherical or ellipsoidal chromite grains surrounded by serpentine 
and chloritic) material. 

The chromite dike of the Rédtjarn mine in the western part of the 
eridotite massive strikes NW with a steep north-easterly dip. It 
eems to have been altogether 280 m in length. The best part of it was 
bout 60 m long and 80 m deep. The broader part of it was about 
1/, m in width. Ore mined, sorted by hand, held about 45 % Cr,O3 
1 the best part. The long vein or dike of the Leigh mine, to the NE 
f the Rédtjarn mine, with its continuation toward the SE (Kampen 
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Fig. 45. Leopard ore. The Skal mine. Natural size. Photo by C. Burlin. 


ore, etc.), is several hundred m in length, but with interruptions, and | 
it continues by the Koiedals mine towards Fanten, en echelon. The 
regular Leigh ore vein is perceived asa straight vein generally less than | 
one dm in width at the surface to a length of 100 m (cf. photos, Figs. 47 
and 48). The ore was partly much wider in lower levels, with a largest. 
width of 2 metres. The best part of the ore mined had an average width 
of about 1 m. The depth of the ore mined was about 80 m, thinning out 
and widening again several times. Sorted ore held an average content 
of 38 % Cr,03. The strike cf the ore is N 60°W. The dip is about vertical, 
Both the Rédtjarn and the Leigh ore are surrounded by serpentinized 
rock. 

An interesting phenomenon in the neighbourhood of these mines 
are stripes of completely serpentinized rock in the saxonite, with the 
same strike as that of the chromite dikes, viz. about N 55° W between 
the Rédtjarn and Leigh mines. This serpentinization thus seems to 
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Irregular leopard ore. The Skal mine. Natural size. Photo by C. Burlin. 


Fig. 46. 
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have followed the same direction of weakness in the rock massive as 
the chromite ore. It is conceivable that this serpentinization closely 
followed the formation of the chrome ore. The later and general ser- 
pentinization has an abundant crosswork of serpentine veins, more or 
less asbestos-like, which have directions that do not coincide with 
those of the chromite veins, the dip also being different. The most 
common direction of the serpentine veins is northeast with another 
direction making an angle of less than 90° with the former one. The 
dip of the serpentine veins is seldom vertical, generally 45—60°. These 
serpentine veins are certainly late in origin and they probably origina- 
ted during the maximum folding of the region or during the overthrust 
movements towards the south-east. 

The general composition of the peridotite or serpentinite will be seen 
by a collection of mineral analyses calculated from thin slices and — 
polished sections and presented in Table 14. 


Table 14. 


Volumetric composition of peridotites and serpentinites from Feragen. 


Serpenti- cote 
Du- Saxonite ea at ae ssroe 
nite (lherzolit) outer Cz 6 — 
contact gare 
a | b | ce | d | e | f | g | h | 1 
Ollie Sais cium tie, scar ieteroya ats 59.5] 27 |33.5|27 |23 5 | 1 _— | 
Bronzite (+ diopside) ...... —| 1 3.2} 3.8] 4 — —| — 
Fibrous alteration of pyroxene} —] 9 |10 7 1.5 
Reaction rim around same ..| —]| 4 | 4 |10 a 
Mesh-structure serpentine ... | 35. | 
Greenish gray, pigmented ser- 13 eo — 1.6 27 78 | 43 
pehtine Neem s sok naa} 9.3] 2.7|31 10 ee ! 
Light-coloured, recrystallized 
SEF PMU ae dein iets 1.5] 37 |304]/39 |36 69 —| — 
Serpentine pseudomorphs af- Ht 
ter olivine Wyse tei nant —| — |19 |14 | 34 7) 
Bastite serpentine ......... —|- 471.6 1 0.4 29 =23\| = ' 
Cr-magnetite or chromite SecA Pea) es 1 La} 12 1.3 1.0] 0.6] 14 . 
Secondary magnetite ....... IG} 38) J.61 53 2.8 7 0.3} 0.3] O.GIRy 
Chlorites\..j0sehamaeetne ue —={ == | 1 O.1} O.1 3.5 3 3 i 
Talc and carbonate........ —|— —| —| — 0.4 1 —| Ta 
Sulphidés).0.4\. .eemeeiereen tr. | tr. CEU tte Ges |e ere 0.1} .0.1 |mad . 
Gowthite vies cinch | — | | | 0.1) — 


The composition of the peridotite varies between dunite and sax- 
onite with the latter preponderant, but the pyroxene (generally | 
enstatite or bronzite) is more or less altered to fibrous aggregates 
similar to the formation of reaction rims around olivine in certain | 
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gabbroic rocks. In this case, however, the core is composed of ortho- 
rhombic pyroxene enveloped by a fibrous shell, similar to asbestos. 
The outermost part of the fibrous shell is pigmented by a greenish 
gtay powder, probably composed of spinel just as in regular reaction 
rims around olivine in gabbro. The minerals of the fibrous shell are 
hard to distinguish: what might be fibrous bronzite and what actinolite 
or cummingtonite. They are partly altered to serpentine (bastite) 
and sometimes also to tale. Monoclinic pyroxene (diopside) has been 
observed in at least two rock samples, but it is not as frequent as 
orthorhombic pyroxene. It is also partly serpentinized. The olivine, 
originally one or two mm in size, first altered to regular, thin serpen- 
tine veins and then to a greenish gray serpentine with suspension of the 
ferrous oxide. A later alteration is the formation of quite light-coloured 
serpentine, antigorite laths, with a precipitation of magnetite. There 
are thus the common large chromiferous magnetite grains of the size 
of about 1/3 mm, and the fine, secondary grains about 0.01—0.02 mm. 
The chromiferous magnetite has a margin of magnetite and it is often 
somewhat replaced by it. Some grains of chromiferous magnetite may 
be recrystallized. 

The sulphide grains are of the magnitude 0.005 mm. There are pyrite 
and probably also pentlandite, but the sulphide grains are often too 
small to be recognizea with certainty. The sulphide grains of the perido- 
tite and serpentinite are smaller and fewer than the metallic and sul- 
phide grains of the chrome ores. 

The ultramafics close to the environing rocks are much more ser- 
pentinized, the secondary serpentinization is more complete and much 
more secondary magnetite is thus formed. 

The serpentinites at the chrome ores have quite a different develop- 
ment. They have the mesh-structure serpentine veins and the greenish 
gray serpentine around the olivine grains, but none or very little of 
she secondary antigoritic serpentine with magnetite precipitation. The 
jlivine grains are more or less completely pseudomorphosed of light- 
-oloured serpentine with the remaining appearance of the olivine intact. 
Very little fine-grained magnetite is formed (a little in the ser- 
yentine veins) and the proportion of chromiferous magnetite or chromite 
© secondary magnetite is large, being small in the other serpen- 
inites. The chromites of the chrome ore are also very little altered 
y the formation of secondary magnetite, the chromite thus generally 
eing quite homogeneous. In the case of the chrome ores themselves 
here may be a few more remnants of unaltered olivine than at the 
utside of the ore, just as it was at Rautats. As is the case within the 
hrome ore, some secondary chlorite also formed in the serpentinite 


19-—563060. G.F.F. 1956. 


: 
r 


a 


j 


284 TORSTEN DU RIETZ [Mars—April 1956 


around the ore. It was probably formed as a secondary reaction pro- 
duct. This serpentinite at the chrome ore thus seems to be the product 
of a kind of metasomatic alteration different to the regular serpen- 
tinization of the peridotite. 

A rock sample of a common type of saxonitic peridotite between the 
Rédtjern mine and the Leigh mine has been chemically analyzed, 
Table 15. 

Table 15. 


Serpentinized saxonite. W of the Leigh mine, Feragen. Analyst A. Olofsson. 


Oe LE OLTAE 38.5. % Mineral composition, weight % 
INN OF I choo DL Gat 2.1 
Cr,O3 .- ++. eee es 0.57 | Olivine (9 mol. % Fe,SiO,)...| 25 
FeO (total iron) . 11.3 Serpentine Jin cee secre sae 60 
MnO ........... 0.52.» | Bnatatite wah aie eee 1 
MgO .......+.-. 39.4 Amphibole..c semosoveauamess 6 
Ni vse e eee eee 0.26 Chromite (weakly magnetic) .. 0.3 
S vas eeee eee eee 0.10 | Chromiferous magnetite ...... 2.5 
CaO wo... seen eee 0.63 Secondary magnetite ......... 3 
H,O+ ......00e- 8.5 Spinel oo senescence Me 
Sulphides 4 Wow cesew eeirseie ern 0.2 
101.88 100.0 


It is a fairly ordinary type of peridotite, its composition being similar 
to those of Handél, Srattekjaure, or Laisholm as given in the author's 
earlier paper (5). It is a little richer in iron and aluminium than the 
average serpentinized peridotite. 

The composition of the ore minerals is based on four rock sections — 
and compared with the results received by concentrations with Clerici’s 
liquid (H. Ornstein). The almost non-magnetic fraction showed a little 
more chromite than sulphides. The sulphides (very minute grains) 
seem to be chiefly Ni-bearing pyrite,’ but other minerals not distinguish- 
able are also present. ! 

The coronas around the remaining orthorhombic pyroxene consist 
chiefly of a greenish amphibole, which may be an actinolitic horn- 
blende, but cummingtonite may also be present. The outer rim has a 
fine powder of a spinellike mineral calculated to be about 2 %. 

The composition of the chromiferous magnetite according to an i 
complete analysis of a small magnetic concentrate was: Or,0, 13,1 or 
Al,O, 4.4, FeO 57, MgO 11.7, Cr/Fe 0.2 (P. Lundman). Remaining Si0,, 
H,0, and other elements were not determined. A calculation of the 
pure ore mineral gives about the following composition: Cr,0, 16.5 %, 
FeO 70.5, Al,O; 5.8, MgO 3.8 (Cr/Fe 0.2). There should also be some 
manganese. The iron is partly in the trivalent state. : 


* According to X-ray analyses pyrite is the predominant sulphide. 
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48. Offset dike of the Leigh ore (with some perpendicular veins of chromite). 
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The analyses show that the peridotite of Feragen has a chromiferous 
magnetite a little richer in chromium than the other occurrences in- 
vestigated. The frequency of a chromitic core in the magnetite is also 
a little more pronounced than in the other occurrences. This is also in 
accordance with the greater frequency of chrome ores in this district. 

Old analyses of chromite from Feragen (performed at the Falu 
mine /K/ and at Freiburg in Germany /F/) gave the following results 
(according to copies received from John Nielsen): 


E F 

PRES wea Re oes’ ons ao As av cls 54.08 © 55.83 % 
SESE SS eae en 9.02 0.31 
tats erie lodiMeta ote Gk a ialeial’s) cies aie Chase 2 £)5,6 25.66 38.07 
FA) CA By SA Cee a ee 7 4.04 
DEY be CER ee } 5.36 0.55 
SEL) 5 osc ASS ct ee a 4.83 1.61 
OSL SS i er 1.05 —- 
100.00 100.41 
Pie rN 5 lear 5 pn vw come en 5 ows 1.85 1.29 


The aluminium and iron contents of analysis F seem to be unreliable. 
The analyses indicate picked out material of chromite very rich in 
shromium and may thus be from the Ler mine, which was one of the 
‘ichest in Cr. 

To show the mineral composition of chrome ores from different mines, 
[able 16, below, has been compiled on the basis of rock slices and 


olished sections of ore samples: 
Table 16. 


Volumetric composition of chrome ores from different mines. 


Skal 
Amalia] Julius] Skal | mine, | Svinet pe ee Leigh 
mine | mine | mine |leopard| mine 2 b mine 
ore 
ee 41 50 82.) 52 | 83.| 85 | 57 | 66 


Serpentine veins (sometimes 
with a little secondary an- 
MBDISOLILC) 2 voice ences cess 30 24 3 26 7,5 1,2 | 23 17 
Amorph-like serpentine 
(with beginning crystal- 
lization into chlorite-an- 


BIXOTUC) No - «0.6 stedin- «/n\- > 11.6 8.9 0.5 6.7 8.8). — 4.3 4 
Chlorite i Me Me Scien 17 17 9 13 0.5) 13 6 11.9 
seudmorphs after olivine. | — _ 1.4 0.1 -= 9 — 
BUREIITLC oie, ane 5, of atee a enka. e-0 — —- 4 — — -- 0.4 1 

Be ieee Sele =< = sad = —- = 0 
TE, oS te aera ae whos fo OSI ea tia se: eae 

toi and sulphides ..... OAL <tr: 0.1 0.1 0.1 0.8 0.2 0.1 
Secondary magnetite ..... OPO =* 2 0.1; — — tr: 
seen dary pike eter tte: 3 0.2; — — — -- _- — — 


100.0 | 100.0 | 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0 
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Fig. 50. Cracks in chromite filled out with serpentine or chlorite. About 40 x. 


The chromite generally appears as rounded grains passing over into! 
more or less compact ore which is dessected by thin veins of serpentine: 
(which may be transformed into chlorite). 

These serpentine veins follow crystal directions or cracks in the: 
chromite as shown by the photos, Figs. 49 and 50. The compact chro-: 
mite ore sometimes passes over into nodular or leopard ore, which often! 
is rather regular in structure, as shown in the photo, Fig. 45, with! 
rounded or ellipsoidal grains averaging about 1 cm in diameter, some} 
types with 0.5 cm grains and others with about 1.5 cm grains (general 
variation 0.5 to 3 cm in diameter). The chromite clusters are more} 
irregular when passing over into compact ore. Concentric shells of! 
chromite, with serpentine between, have not been observed. 

Secondary magnetite grains are generally absent, but a little trans- 
formation of chromite into magnetite or chromiferous magnetite at 
the borders of the chromite grains or along cracks may be present, 
but to a very small degree. I 

The matrix between the chromite grains is of the same main type 
of minerals as in the environing serpentinite but sometimes with a 
few more remnants of olivine and generally with more reactionary 
chlorite. 
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ig. 51. Chromite grains slightly resorbed by the 
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52. Rounded grains of chromite in serpentinite matrix. White dots are minute 
grains of awaruite. About 40 x. 


serpentine matrix. About 40 x. 
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Figs. 51 and 52 show chromites with margins resorbed by the ser- 
pentinitic matrix and also some fine (white) grains of awaruite,' generally 
close to the rim of the chromite. 

Five samples of compact ore from the Amalia mine (a), the Skal mine 
(b), the Svinet mine (c), the Mynta mine (d), and the Leigh Mine (e) 
have been chemically analyzed, Table 17. Analyst: A. Olofsson, Rénn- 
skar. 


Table 17. 


Chemical analyses of chromite ores from Feragen. 


a | b. | c | d | e 

Chee Oniesve 47.4 45.4 48.8 41.5 40.9 
Ri Aen oe 15.0 15.3 11.3 14.3 12.4 
MeOron ee 69 5.7 9.3 7.3 7.9 
HeOp es asaeces 13.0 I PAY 9.3 9.0 12.1 
Mook Ree ec 10.2 13.4 13.6 18.0 16.5 
INT bee seer e ek 0.19 0.21 0.24 0.24 n.d 
Succeen ital s: stn aac ce 0.019 0.025 0.030 0.014 0.019 
SHOW 2E SA ene 5.0 4.8 4.7 6.6 6.9 
EL Oren Gea sata Rey 27 2.7 2.9 2.6 
COvERiCR she ees n.d 0.029 Ni. ‘de n. d. n 
UA uaa pecans Paneer reiese tr — = = 
Gian veietarenes oasis tr, ae —_ = ee 
[BG aharebereteasaenans 5g) tr — a3 ee =a 
LAN Sonn feakeunie so Sus tr — —_ BS 
Ph iti woneeractants tr — — — = 
Sb eee | tr se x ous ee 

99.4 99.7 99.9 99.8 99.3 
Cris eaeeee see 2.17 2.30 2.43 2.34 1.87 


A calculation of the pure chromite for these five analyses gives the 
following variations of the chief components: | 
t 

i 


Or Os Bu tenn as taka Sone Lae NE 51.1 —57.1 
TIES RE, ei ok Rt Rac a ae Sigh S| 12.5 —17.3 
OL Osrarrcisatirie eh, eoncee Desi ee 6.6 —10.7 (Cr/Fe averages 2.48) — 
Wa is vty Stee once ne 9.8 —14.2 i 
MgO ESBISC EL MI omen tore iL Oe a 5.1 —13.3 i 
Nigra sameeren tere titra aaes Got oe 0.17— 0.25 . 


The composition of the chromites of Feragen is quite similar to| 
those of California according to Stevens (31). 
Two ore samples have been concentrated by centrifugalization im 
Clerici’s liquid with sp. gr. 3.75 and the chromite analyzed (A. Olofsson) 
Table 18, No. 18 a from the Julius mine and No. 18 b from the Mynta. 


* Determined by X-ray analysis (G. Sundkvist, Rénnskir). 
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Table 18. 


Concentrated chromites from Feragen, wight %. 


= b Calculated composition of 
chromite (a—b) 


BRR RSE SS eS 50.0 49.8 53.3 Cr/Fe = 2.46 (2.49) 
eae ae s £ Se eres. = 13:5 13.7 14.5 
eO (total Fe) ...... 17.9 18.1 19.0 (about 7 % FeO, 12 % Fe 
ag 0.64 0.49 an sob Sak 
Beet te aia cnc s 13.1 12.6 12.4 
ete 8) 2 bias te bie 0.13 0.16 0.15 
| 26 See 0.014 0.014 
oo Soeace ae’ aa Seni 0.029 0.028 0,03 
OB Cee er ere et 1:3 
DS ae ne ee n. d. n.d. 
| 96.7 96,2 


A comparison with the chromite of Rautats (Table 5) discloses the 
chromite of Feragen to be higher in chromium and lower in aluminium, 
and the nickel-cobalt content is more evident. The proportion of Fe,O; 
to FeO is high in Feragen and almost negligible in Rautats. The analyses 
of chromites from San Luis Obispo in California are very similar to 
those of Feragen, according to the figures given by Smith and Griggs 
(31). The chromite of the compact ore and of the nodular (leopard) ore 
of Feragen display no difference in composition. 


Discussion of Results 


The study of the composition of the accessory ore minerals of the 
Swedish Caledonian peridotites has shown that the uniformly appearing 
(dark) ore mineral is always a chrome-bearing magnetite in character. 
[here also occur very minute crystals of an iron- and nickel-bearing 
sulphide which is almost wanting in the fresh, unserpentinized perido- 
ites. It occurs unevenly, and as it is generally invisible to the naked 
aye, it is not an ordinary accessory mineral. 

The chrome-bearing magnetite is uniform in some occurrences, but 
n others it is zoned with one or several outer shells around a darker 
in polished sections) core richer in chromite. All of the mineral is 
yenerally magnetic. When part of the core was found to be almost 
jon-magnetic, it was a very minute fraction of the mineral with the 
character of a chromium spinel. 

The outer, magnetite-like shell of the mineral is very irregular, and 
t may also replace or dissect the core of the mineral, which often is 
diomorphic. This outer zone was evidently formed during a meta- 
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morphism of the rock, chiefly during the secondary serpentinization. 
Two or three outer shells and often a brecciation of the core show that 
the alteration of the Cr-magnetite took place successively or in several 
epochs. 

The almost completely serpentinized peridotites have an average 
content of magnetite about twice as large as that of the slightly ser- 
pentinized rocks. The formation of the secondary magnetite is not 
uniform in appearance in the various occurrences, as it may appear 
as a precipitated dust in the earlier or in the secondary minerals, it 
may appear as veinlets with or without serpentine, and it often appears 
as an outer rim of the earlier, primary magnetite, and it may more or 
less replace it. Sometimes all of the-primary magnetite is recrystallized 
into a mineral of intermediate composition. As the chromium content 
of the little altered or much serpentinized peridotite is about the same, 
the average Cr-content of the magnetite is thus about half as much in 
the serpentinized rocks as in the little altered peridotites. 

The colour of the serpentine also shows that the content of iron of 
this mineral varies quite considerably in different rock specimens. The 
recrystallized antigoritic serpentine, which is free from suspended 
iron oxides, is generally paler than the mesh-structure serpentine. The 
amorph-like serpentine pseudomorphs after olivine, which generally 
have a large content of suspended iron oxides, are often darkest in 
colour. 

Enrichment of the Cr-magnetite by gravitational enrichment, mag- 
netic separation, or flotation always yielded a mineral with much more 
iron than chromium. The best results were obtained with magnetic 
separation, where, generally, all of the dark, accessory mineral was 
obtained at the concentration. The composition of the Cr-magnetite 
generally gives a proportion of Fe to Cr between 5:1 and 10:1. In — 
rocks where there were veins of ore mineral, the composition was differ- _ 
ent, and more chromium was obtained, indicating that the veins or 
schlieren of chromium-bearing magnetite were rich in chromite. They 
were often found to be non-magnetic. It is, however, a remarkable fact 
that the common, accessory ore mineral of the Swedish Caledonian 
peridotites and serpentines is not a chromite but a magnetite with 
some chromium. As the average content of chromium oxide in the 
Swedish Caledonian rocks is about 0.4 %, which is a fairly common: 
proportion of chromium of peridotites (dunites) all over the world, 
it may be conceived that the usual accessory ore mineral of perido- 
tites in general is not chromite but a chromium- -bearing magnetite. 

It has generally been considered that the chromite occurrences were. 
developed by an enrichment of the accessory ore constituent of th 
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-peridotite magma at the early crystallization of the rock solution. In 
that case the chromite ore material should be of about the same com- 
position as the accessory ore mineral of the peridotite rock. The acces- 
Sory ore mineral, however, is rich in iron, contains some chromium, 
and is poor in aluminium and magnesium. Many dunitic rocks analyzed 
are very poor in aluminium due to the fact that all minerals present, 
viz. olivine, possibly enstatite, and Cr-magnetite, are almost devoid of 
aluminium. A large proportion of the content of this element present 
was evidently primarily present in the spinel component of the mag- 
netite. Secondarily altered peridotites, e.g. serpentinites, sometimes 
also have a little aluminium introduced at the transformation of the 
rock. It will generally be contained in the serpentine or otherwise in 
chlorite. The chrome-ore bodies, on the other hand, have rather much 
aluminium and magnesium, besides iron and chromium. According to 
the relation of the ion radii of the elements of the peridotite magma, 
Mg, Al, and Cr ought to be early crystallized in a spinel mineral, which 
also should contain some iron. As the accessory ore mineral formed, 
which was crystallized earlier or at the same time as the olivine (the 
original crystals were often quite idiomorphic), is not enriched in 
Al,O; and MgO but exceedingly rich in iron, it may be conceived that 
a large part of the spinel elements separated in a special phase, e.g. 
by liquation or by enrichment in a special phase due to accompanying 
mineralizers. An origin according to the last hypothesis may be con- 
firmed by the general appearence of a serpentinized halo around the 
chromite bodies (cf. the case of Feragen).? But there are many chromite 
bodies surrounded by only partly serpentinized olivine. The serpen- 
tinization around most of the chromite deposits has often been ex- 
plained by the difference in rigidity of the material in the chromite 
and the enveloping rock, the contacts then acting as a canal for the 
solutions when the rock is subjected to stress. The almost constant 
appearance of some alteration at the contacts of the chrome ores, 
sven in disseminated ores, indicates that the serpentinization must 
have followed close upon the introduction of the chromite material, 
orobably during the complete solidifying of the rock complex. The 
simultaneous appearance of chromite as schlieren and irregular bodies 
n the peridotites as well as the appearance of chromite as quite rounded 
1odules or grains in a serpentine matrix favours a development out of 


1 Cf. e.g. H. D. B. Williams, Ec. Geol. 1953, p. 370. _ ; ; 

2 This serpentinite is generally a rather pale rock, i.e. with very little secondary 
nagnetite formed just as is the case at Feragen. According to H. E. Hawkes (8) the 
hromite ores are generally less magnetic than the surrounding peridotite. This is evidently 
ue to the fact that less secondary magnetite is formed at the chromite ores than in the 


erpentinites. ' 
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some kind of a liquid. The formation of chlorite (or kammererite) in- 
stead of serpentine around chromite is, in most cases, due to a secondary 
reaction. The stratiform bodies of alternating chromite and ultramafics 
throughout the rock complex is of another type of deposition distinguish- 
ing occurrences (e.g. Bushweldt) formed under different circumstances 
than the chromite bodies of the peridotites of the orogenic belts. They 
generally seem to favour a crystallization in layers (cf. Sampson /30/, 
Peoples and Howland /21/, Johnstone and de Souza /13/, a. 0.) 

As mentioned in the introduction the peridotites were already more 
or less crystallized at there mise en place in their present surroundings. 
This may also be true of the chromite ores.t A large part of the ser- 
pentinization, however, seems to have taken place in the present sur- 
roundings, as has been mentioned above. At this serpentinization there 
was generally formed some secondary magnetite with but little chro- 
mium, sometimes in a kind of dust in the other minerals, sometimes 
partly as an outer border around earlier grains, and sometimes as veins 
of magnetite grains with more or less serpentine following cracks or — 
slipping surfaces. At this serpentinization secondary magnetite may 
occasionally grow into relatively large grains, where it may be hard to 
decide in what degree it is partly a recrystallization of earlier chrome- 
bearing magnetite. 

As to the shape of the chromite bodies observed, fissure-like shapes 
distinguish most of the ore-bodies at Feragen and some others at 
Lejarklumpen (N of Rautats), Rautats and Vaktarklumpen. Schlieren- 
banded, veinlike shapes have been seen at Rautats, Junsterklumpen 
and Feragen. Lens-shaped shapes were most common at Rotikken, and — 
a sack-shaped occurrence was found at Muruhatten. } 

The dip of the ore-bodies is dominantly vertical. The material of the — 
orebodies is strange to the material of the peridotite and it is con- 
sidered to be a late introduction into the more or less crystallized — 
ultramafic, but not in any special part of it, sometimes at random, — 
sometimes in a favoured direction, e.g. diagonally to the rectangular — 
direction of the peridotite of Feragen, but also with minor ore-bodies _ 
about at right angles to the larger ones, probably as directions of — 
strain. The appearance of chromite dikes or lenses occurring en echelon ! 
also indicates intrusions under. stress. x 

There are also fine fissure veins, often appearing in a network, as 
at Klumpliklumpen and Rotikken, but these are predominantly of a 


magnetitic omposition and are supposed to be a product of transforma- | 
tion under stress. i 


“4 The steep dip of the chromite dikes rather points to an intrusion in the present | 
position, E yi 
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The stratiform bodies or scattered chromite occurrences of layered 
rocks are absent in Sweden. In one case (Sakok Ruopsok) there were 
some grains of chromite together with magnetite of the evenly scattered 
type, but the chromite grains were in the shape of clusters and were 
also combined with secondary alteration of the peridotite. 

The schlieren-banded occurrences of chromite ore, as well as the 
clusters of chromite grains, cannot be Syngenetic with the peridotite 
crystallization, as these occurrences are very irregular in shape and 
are related to or appear together with the chromite dikes. They are 
also quite dissimilar to the composition of the minerals of the sur- 
rounding peridotite. 

In a few occurrences the evenly scattered, accessory magnetite shows 
some central cores which may be of a chromitic or picotitic composi- 
tion, but it is a very small fraction of the magnetite. 

As to the composition of the peridotite holding the chromite bodies 
in Sweden, it can be a dunite or a saxonitic rock and the chromite 
does not particularly favour the dunite, which it generally seems to 
do in America, according to many descriptions. Nor is it possible in 
Sweden to establish any difference in age between dunites and pyroxene- 
rich varieties. 

In a few occurrences (e.g. Rautats and Vuoka Ruopsok) it is evident 
that the olivine contained some chromium, as shown by the secondary 
coronas formed, with precipitated chromium spinel around the olivine 
cores, at the alteration of the mineral. This appearance is generally not 
seen in other occurrences, but analyses often also show that a little 
chromium is contained in the olivine. Since Sampson, Ross, Fischer, 
Allen, Stockewell, James, and other American authors published their 
various descriptions it is evident that a great part of the chromite 
leposits are late magmatic in origin, later than the early crystallization 
of the dunitic rocks. V. Koveko (15) has given a fairly complete classifi- 
vation of the origin and appearance of chromite ores in his description 
of the chrome ores of Asia Minor. Of his four groups of chromite ore 
he first group (magna non résiduel) does not seem to be represented 
n Sweden. This group of ores is probably generally to be found in 
eridotites of the plateau type. His second group (magma résiduel 
ssentiellement chromifére) seems to be the chief division of chromite 
res but there may be gradual transitions to his third group, metasom- 


1 In the stratiform bodies of ultramafics the chromite ore always seems to be con- 
wmable to the longitudinal form of the rock complex, but often this is not true of the 
hromite of ultramafics in mountain ranges. In the Scandinavian deposits the chromite 
odies may be very irregular and they are often not at all conformable to the longest 
irection of the ultramafics. Nor is the chromite ore proportional to the size of the 
eridotite. A small occurrence of ultrabasic rocks, e.g. Lejarklumpen, may thus have 
any more concentrations of chromite than larger rock masses. 
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atical- ores (uncommon type). His fourth group (chromite of serpen- 
tinization) corresponds to the formation of secondary magnetite at the 
serpentinization, with a more or less widespread recrystallization of 
earlier formed mineral richer in chromite. In his second group: dischistic 
schlieren, schlieren dikes, injections of chromite, and complex chromite 
injections (banded with rock), lenses or tabular ore are familiar types 
of ore, but dikes of chromite passing into thin veins seem to be more 
common in the Scandinavian peridotites. They are probably partly 
fissure dikes. The nodular appearance of chromite turning into grape- 

or leopard ore (often transitional to massive ore) also seems to be a 

phase of the chrome-residual type. Pipe-like ore with nodules (chandelle) 

seems to be a special type for Turkey (and South Africa). 

The formation of chlorite instead of serpentine around the chromite 
is evidently a secondary reactionary alteration. 

In his paper on the chromite deposits of California Allen (1) has 
summarized his report as follows: : 

»1. Most chromite orebodies occur in a zone of hydrothermally altered 
rock, which can be traced for considerable distances through the 
less altered serpentine, peridotite, or dunite. 

2. The altered zones most commonly lie parallel to or at a slight angle 
to the trend of the elongated intrusion in which they occur. In 
several cases there are two sets of interesting zones which form a 
diamond-shaped pattern. The orebodies lie within the zones with 
the larger bodies at the intersections. One of the diameters of the 
diamond pattern is commonly parallel to the trend of the intrusion. 

3. Chromite orebodies are most commonly tabular lenses, frequently 
pod- or kidney-shaped masses, and sometimes narrow dike-like 
seams, stringers, or irregular patches. 

4. The longer dimension of the orebodies within the zones may lie 
parallel to the trend of the zone, inclined at an angle to the trend 
(sometimes slightly overlapping) or even at right angles to the 
trend. 

5. Most orebodies are even-granular massive or even-granular dis- 
seminated. They may also be banded, and are infrequently nodular. 
Certain banded deposits show rhythmic alteration of thin and thick 
bands of high-grade in a matrix of low-grade ore. Other banded 
deposits show paired high-grade bands bounded on either side by 
several bands successively lower in grade. 

6. Karly hydrothermal minerals are found included and resorbed by 
chromite, and cutting chromite as pegmatitic dikes. 


_ + It is very hard to say to what degree some peridotite or serpentinite may have been: 
injected into the rocks at the same time as chromite. 
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The sequence of events is interpreted to have been somewhat 
as follows: 

1. Ultra-basic magma is intruded in long sill-like masses into older 
rocks. Although differentiation of aes may begin before 
intrusion, it is more likely that it takes place during and even 
after intrusion. 

2. As soon as the margins of the intrusion solidify, compressive stresses 
establish well-defined zones of strain, in parallel or intersecting 
sets of faults. 

3. Movements along these fault zones permit introduction of chromite- 
rich »crystal mush», or hydrothermal solutions. The process may 
be initiated while differentiation is still active, or while the solutions 
are becoming more and more highly concentrated. 

4. Stresses along many of the fault zones may result in gash-joint 
openings in en echelon series, producing the overlapping lenses of 
high-grade ore. 

5. The larger orebodies are most frequently found at the intersection 
of the fault zones, as in other types of mineralization. 

Most of the chromite orebodies thus seem to have been emplaced 
late in the magmatic cycle, after partial consolidation of the rock, 
and contemporaneous with the early deuteric activity of the magma. 
The period of their emplacement reached a maximum before or 
soon after the beginning of serpentinization. In a few cases the 
ores seem to be syngenetic with unaltered including rock, and 
rarely are late hydrothermal and post-serpentinization.» 


_ The appearance of the chromite orebodies of California is thus in 
most cases similar to the appearance of the chromite ores of Feragen. 
There the long dimensions of the ore bodies, often overlapping, lie in 
a favoured direction inclined to the general trend of the serpentinite 
with smaller orebodies often at right angles to the chief direction. In 
Feragen the chromite orebodies also occur in a zone of much more 
hydrothermally altered rock (pale rock) than the general alteration 
of the peridotite. In Feragen there also occurs a diamond pattern of 
strong serpentinization but it was formed later than the chromite ore- 
dies. 

According to the description of Stockwell (33) the chromite deposits 
f the Eastern Townships of Quebec show very many features that are 
haracteristic also of the Scandinavian chromite occurrences. There is 
10 relation between the size of the dunite body and the size of the 
Brcincd chromite deposit. There are thus dunite bodies which are 
parely wider than the ore, whereas large bodies of dunite may not 
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contain any deposit. The deposit may occur anywhere within the 
dunite masses. The ore varies from disseminated to massive, but even 
massive chromite always contains a lirtle serpentine gangue. Massive 
ore grades into disseminated ore. Some ores are tabular and extend to 
a considerable depth (just as in Feragen). The lenticular deposits may 
be lenses, pockets, or very irregular bodies. Some very irregular patches 
of ore do not follow definite cracks but send branch veinlets into the 
surrounding rock and hold inclusions of rock. The heavily disseminated 
to nearly massive chromite that was introduced along shear zones is 
younger than the chromite of the disseminated deposits. Dikes of 
pyroxenite which cut some chromite ores in Quebec and some other 
occurrences in America have not been observed in Sweden. 

Chrome ores are, however, rather scarce in Sweden although there 
are plenty of peridotite bodies within the Caledonian mountain range. 
It is possible that the Caledonian ultramafics are poorer in chromium, 
just as they are in platinum, than the rocks of the younger mvuntain 
ranges, 

The nickel content of the peridotites is fairly constant, averaging a 
little above 0.2 %. The content is not, however, so constant as that of 
chromium. It may thus vary between 0.1 and 0.5 % in neighbouring 
occurrences, but it is very disseminated and never concentrated as the 
chromium often is. 

As in other ultrabasic rocks investigated in other countries Ni is 
found to be bound partly in the magnesium silicates and partly in nickel- 
and iron sulphides and probably also, but to a lesser degree, in the 
primary chromite or chromiferous magnetite. The statistical analyses 
have shown that the little altered peridotites have but very little 
sulphides and that the more or less completely serpentinized rocks 
always have some sulphur present, generally about 0.1—0.2 °%. The 
sulphide grains are very small in size, however, only to be seen with 
strong magnification. The sulphide grains are thus of about the same 
order of size as the secondary magnetite formed during the serpen- 
tinization. The sulphides also seem to have been formed at the same 
time as or a little later than the secondary magnetite. It must be realized 
that the greater part of the sulphur was added by the water-bearing 
solutions producing the serpentinization. Analyses of the rocks and 
minerals show that all of the nickel in the olivine was not completely 
altered to sulphides during the formation of serpentine, a small part 
of it still being contained in the serpentine. The nickel content of the | 
serpentinites is about the same as that of the fresh peridotites, so no 
nickel seems to have been carried away during the transformation. 

As the size of the sulphide grains is very minute, it is often impossible 
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to determine the kind of mineral present. But as it has been possible 
in many instances, it may be pointed out that the most common 
sulphides formed in the Swedish peridotites are pentlandite, heazle- 
woodite and nickel-bearing pyrite. Other minerals recognized are 
bravoite, pyrrhotite, marcasite and chalcopyrite. A metallic mineral, 
nickel-iron alloy, has been recognized in several rock specimens (awar- 
uite), as well as metallic copper in one instance. The sulphides 
are generally nickel- and iron-sulphides, nickel sometimes predo- 
minating, iron sometimes. A trace of cobalt is generally present up to 
about 0.1 %. It is generally about one tenth of the content of nickel, 
but may exceptionally be about as much as that of nickel. No special 
Co-bearing mineral has been recognized. A trace of other metals generally 
bound to sulphur, e.g. As, indicates that other sulphide minerals are 
present in some cases, but they are too minute to be recognized. 

The nickel content of the chromite ore seems partly to be contained 
in the spinel molecule but partly also as fine, solitary grains of iron- 
nickel alloy. A very limited percentage of nickel-iron sulphides may 
also be present. The nickel content of the chrome ore is generally 
lower than the average content of nickel of the enclosing rock. 

The weathering of the Swedish ultrabasic rocks is very slight, so 
no secondary enrichments of nickel at the surface have occurred. 


References 


1. Auten, J. E., Calif. Journal Mines & Geology, 37, 1941. Geological investigation 
of chromite deposits of California. 
2. — Ee. Geol. 1951, p. 666. Geological investigation of the chromite deposits of Cali- 
fornia. 
3. Bateman, A. M., Ec. Geol. 46, 1951, p. 404. The formation of late magmatic ores. 
4. Donatu, M., In. Dis. Freiberg 1930. Geol. Mineral. Studien an Serb. Chromitlager- 
statten. 
5. Du Rierz, T., Geol. For. Forh. 1935, p. 133. Peridotites, serpentines, and soapstones 
etc. 
6. Fiscuer, L. W., Ec. Geol. 24, 1929, p. 691. Origin of chromite deposits. 
7. Guitp, Pur, Trans. Am. Geph. Union, 28, 0. 218, 1947. Petrology and structure 
of the Moa Chromite district, E Cuba. 
8. Hawxus, H. E., Ec. Geol. 1951, p. 1. Magnetic exploration for chromite. 
9. Huss, H. H., Am. Min. 24, 1939, p. 275. World distribution of serpentinized perido- 
tites and its geologic significance. ; 
10. Hresterrner, G., Jb. Geol. Bundesanstalt, Sonderband 1, Wien 1951/52. Serpentin- 
und Chromerz-Geologie der Balkanhalbinsel. ‘ 
11. James, H. L., U.S. G. S. Bull. 945 E. Chromite deposits near Red Lodge, Montana. 
12. JouNnstonE, Jr., W. D., Ec. Geol. 31, 1936, p. 415. Nodular, orbicular, and banded 
chromite in Northern California. 
13. JOHNSTONE and CappER DE Souza, Ec. Geol. 1943, p. 287. Banded chromite at 
Campo Formosa, Brazil. , 
14. Keep, F. E., S. Rhodesia Geol. Surv. B. 16, 1930. The geology of the chromite and 
asbestos deposits of the Umvukwe range, etc. __ ; fines. 
15. Kovexo, V., Mem. Soc. Geol. France, No 61, 1949. Gites de chromite de l’Asie Mi- 
neure. 


20—563060. G. F. F. 1956. 


TORSTEN DU RIETZ [Mars—April 1956 


. Kuuuine, O., Geol. For. Férh. 55, 1933, p. 167. Bergbyggnaden inom Bjérkvattnet- 


Virisenomradet. 

Lewrs, J. V., U. 8S. G. S. Bull 725 B. Deposits of chrome ore in N. Carolina. 

Lunprcirpy, P. H., Sv. Geol. Und. Ser. C, 513, 1949. Aspects to the geochemistry 
of chromium, cobalt, nickel, and zinc. 

Maxwett, J. C., Ec. Geol. 44, 1949, p. 525. Some occurrences of chromite in New 
Caledonia. 

Pracocx, M. A., Univ. Toronto Studies. Geol. series, 51, p. 59, 1947. On Heazle- 
woodite and the artificial compound Ni,S,. 


. Propues, J. W. and Howranp, A. L., U.S. G. S. Bull. 922 N, 1940, p. 371. Chromite 


deposits of the eastern part of the Stillwater complex, Montana. 

PrrrascHeck, N. E., Berg- und Hiittenminnische Monatsheft, 92, H 6, p. 109, 
Bermerkungen zu den Buche: »Die Chromerze der U.S. 5S. R.» 

QuERVAIN DE, F., Schw. Min. Petr. Mitt. XXV, p. 305, 1945. Awaruit und Pent- 
landit im Serpentin von Seova. 

RanKama, K. and SanaMa, Tu., The University of Chicago Press, 1949. Geochemistry. 

Ross, ©. S., Ec. Geol. 26, 1931, p. 540:.The origin of chromite. 

Ross, Cl., Foster, M. and Myers, A., Am. Min. 39, 1954, p. 693. Origin of dunites 
and olivine-rich inclusions in basaltic rocks. 


. Rynzarson, G. A., Calif. Div. of Mines, Bull. 134, 1953, p. 170. Chromite in Cali- 


fornian Sierra Nevada. 


. Rynzarson and Wetts, U. S. G. S. Bull. 945 A. Chromite deposits in Glenn Co. 


California. 


. Sampson, E., Ec. Geol. 26, 1931, p. 833. Varieties of chromite deposits. 


— Chromite deposits in: Ore deposits as related to structural features. Princeton 
University Press, p. 110, 1942 (Edited by W. H. Newhouse). 


. Surry, C. T. and Griaas, A. B., U.S. G. 8S. Bull, 945 B, 1944. Chromite deposits near 


San Luis Obisbo, California. 


. Srevens, R. E., Am. Min. 29, 1944, p. 1. Composition of some chromites of the 


Western Hemisphere. 


. STOCKWELL, Canad. Inst. Min. Met. 1944, Vol. 47, p. 71. Chromite deposits of the 


Eastern Townships, Quebec. 

Sunptus, N., Geol. Fér. Férh. 458, 1949, p. 495. Om fordelningen av Cr,O; och NiO 
i olivinsten fran Kittelfjall. 

TEGENGREN, F. R., Sver. Geol. Und. Ser. Ca, N:o 17, 1924. Sveriges adlare malmer 
etc., p. 133. Krommalmsanledningar i Frostvikens socken. 

Tuayer, T. P., U. S. G. 8S. Bull. 935 A, 1942. Chrome resources of Cuba. 


. — Ke. Geol. 1946, p. 202. Priliminary chemical correlation of chromite with the 


containing rocks. 
Voaert, J. H. L., in Beyschlag — Krusch — Vogt, Bd 1. Chromitlagerstatten in Perido- 
titen, p. 267. : 


. WaLkKeER and Griaes, Calif. Div. Mines, Bull. 1384, II, 2, 1953. Chromite deposits 


of the 8. Coast Ranges of California. 


. WisKERSLOOTH, P. pn, Kon. Nederl. Akad. v. Wetensch. L, no. 2, 1947, p. 215. 


The chromite deposits of the Guleman-concession, Turkey. 


. Witson, H. D. B., Ec. Geol. 1953, p. 370. Geology and geochemstry of base metal 


deposits. 


GEOL. FOREN. FORHANDL. Bp 78. H. 2. 1956 301 


Isrecessionen inom Uppsalaomradet 
Av 
Bs6RN JARNEFORS 


Abstract. Ice recession in the Uppsala region. 


In connection with mapping for the Geological Survey of Sweden in the Uppsala re- 
gion drillings were carried out at 17 localities ( Fig. 1) through the glacial varved clay in 
order to discover the ice recession in this area. The device used for drilling was a soil 
sampler with metal foils, constructed by the Swedish Geotechnical Institute (W. Koxy- 
MAN and co-workers 1950) and able to take undisturbed samples of lengths up to 11 m. 

Varve measurements were carried out at all localities and used for connections with 
each other and with earlier measurements from here by Gerard De Geer (1940). The 
results are given in the graphs of Plate 3 and 4 and the table of Plate 5. Between all 
localities, situated in the Uppsala plain and the vallies associated with it, it is possible to: 
find varve connections, but it is nearly impossible to do so in the area W of the town, 
probably owing to topographical conditions influencing the silty bottom streams of melt 
water from the ice front. Also in about 40 proximal varves, deposited in front of the 
ice tunnel opening, great irregularities in thickness are observed, owing to the same fact 
as mentioned above. In the author’s opinion it is not possible to make far distant connec- 
tions of varve series. 

The map of Plate 2 shows the ice recession in the region with ice margins for every 10 
years. During a period of about 90 years — between the years -900— -810 according to 
the timescale of GrRarD DE GEER—the ice front retreated from the Uppsala region. From 
the ice margins it is clear that the ice tunnel, now indicated of the immense glacifluvial 
deposits of the Uppsala esker, must have debouched into an ice ravine, a fact earlier stated 
by G. Lunpavist (1955). As it appears from the map the youngest glacial striae W of the 
esker have a NNW direction, but E of it a NNE direction, indicating an activity of the 
local ice fronts, formed by the ravine. Glacial striae and end moraines of the region (quoted 
from G. Lunpavist 1956) correspond very well with the ice margins found in this in- 
vestigation. 

In the upper part of the glacial clay of the Uppsala region about 20 to 30 cm above the 
last discernible microvarve, there is a zone maximally some 10 cm thick — the spotted 
zone — dotted with sand and gravel particles, mostly calcareous (Fig. 4). The problem of 
its origin has also been dealt with. 

According to J. P. Gusrarsson (1905) the calcareous material in the spotted zone was 
once deposited in the sea or lake by ice bergs from the Bay of Givle, a region where the 
land ice was rich in such fragments. But the zone is not distributed at random as it would, 
naturally, be if the material was transported by floating ice, and it is found in every 
locality where the original strata is preserved, but not in glacial clay, deposited from ice 
rivers W of the Uppsala region. Its thickness also gradually diminishes with increasing 
distance from the esker (Table 1), and we never find the spotted zone together with ice 
floated, large till material which now and then occurs in the glacial clay. at 

The facts above suggest that the spotted zone is a synchronized phenomenon and limit- 
ed to the sedimentation region of the Uppsala esker. As calculated in Fig. 5, it must 
have been deposited when the ice front was situated in the southern part of the Bay of 
Gavle, and the melt water from the ice river carried enormous quantities of calcareous 
fragments from the Silurian area in the bay. Further investigation of the sediment 
series N of the Uppsala region will probably provide adefinite solution to the problem about 


the origin of the spotted zone. 
5. 


I samband med nykarteringen av geologiska bladet Uppsala aktua- 
Ecrades fragan om landisens avsmiltningsforlopp inom omradet. 
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Sasom G. Lunpevist (1955) papekat, ger ett nérmare studium av is- 
rafflornas och andmordnernas riktning i Uppsalatrakten anledning till 
en formodan, att isrecessionen atminstone i nérheten av Uppsalaasen 
haft ett mera komplicerat forlopp, én vad som kommer fram i GERARD 
Dr Geers (1940) ratlinjiga, V—O-liga ekvicesser. Férf. erhdll darfor 
hésten 1955 éverdirektér N. H. Macnussons tillstand att for Sveriges 
geologiska undersdknings rakning utféra geokronologiska lervarvsmat- 
ningar inom geol. bl. Uppsala, och resultatet av dessa framlagges 
harmed. 

For rad och upplysningar samt for de pa isrecessionskartan pl. 2 
redovisade raffel- och andmoranobservationerna star jag 1 tacksam- 
hetsskuld till statsgeologen G. Lunpevist. Statsgeologen H. FRomM 
har viilvilligt granskat konnekteringsdiagrammen. Medhjalpare vid 
borrningsarbetena har varit laboratoriebitridet G. EKMAN. 

Faltarbetet har utforts med tillhjalp av Statens geotekniska instituts 
38 mm foliekairnborr (W. KseLtman, T. KaLusTenius och O. WAGER 
1950), med vilken upp till 11 m langa, sammanhangande lerkarnor 
kunna tagas. Denna provtagningsmetodik torde numera vara sa all- 
mant kind att har icke behdver redogéras for dess 1 olika avseenden 
betydande féretriden gentemot aldre borrmetoder. De relativt kost- 
samma faltarbetena ha dock begransat antalet borrhal, och under- 
sékningen maste givetvis ses mot bakgrunden harav. 

De upptagna borrkérnorna ha, sedan de skurits mitt itu pa langden, 
fatt lufttorka nagot, tills leran antagit den fuktighetsgrad, vid vilken 
varvgranserna skarpast framtréda, varefter varven uppmatts pa vanligt 
sitt med remsa. I allmanhet dro varvgrénserna i Uppsalatraktens gla- 
ciallera mycket distinkta, varfor felmaitningar pa grund av svarighet 
att sarskilja de olika varven torde spela en underordnad roll. Deforme- 
rade varv och smirre st6rningar i varvserien framtraida tydligt, sedan 
karnan genomskurits. Glidningar, som berért hela eller st6érre delen av 
sedimentpacken, kunna naturligtvis ej alltid framtrada i en borrkédrna 
med endast 38 mm genomskirning. Denna felkalla kan undvikas, ge- | 
nom att flera karnor upptagas inom ett mindre omrade av under- 
sdkningslokalen, varefter de uppmiatta varvserierna sinsemellan jam- 
foras, Av inledningsvis antydda skal har dock sadana kontrollmatningar 
endast undantagsvis kunnat utforas 1 denna undersékning. Slutresultatet 
tyder emellertid pa att uppmatningsfel, fororsakade av otydliga varv- 
granser eller skred och glidningar i lagerféljden maste anses vara 
obetydliga. Svarigheten att inom vissa omraden erhalla sikra varv-_ 
konnektioner synes bero pa andra faktorer, vilka senare skola diskuteras. | 

Sasom framgar av isrecessionskartan pl. 2 ha varvmatningar utforts 
pa 17 lokaler inom kartbladsomradet. Vid val av borrlokal har hansyn 
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re ee 
Borr- Flackzonen 


ning Lokal Antal | Mak- ———— 
nr varv | tighet | m dver | maktig- 
botten | het em 


3 300 m V om Hogsta, Biilinge .......... 164 5,54 5,86 10 
5 | 300 m O om Nyby, G:a Uppsala....... 173 Doh 7,97 10 
7 600 m O om Bergsbrunna tegelbruk ....| 138 5,77 — a= 
8 500 m VSV om Lillinge, Funbo........ 123 2,74 3,08 6 
9 100m N om V. Vallby, Rasbo.......... 98 3,19 3,90 6 
11 300 m SV om Siavastebo, Skuttunge....} 128 3,30 3,86 10 
12 | 900 m © om Solbacken, Jumkil ........ 56 2.70 1° 3.13 6 
Foon 100m (S ‘om-Persbo; Aland : .822.% 2. 6. 102 1,52 2,14 5 
14 100 m V om Langtibble, Vinge ........ 126 3,50 5.01 5 
15 100 m V om Myrtorp, Hagby .......... 177 3,16 3,64 5 
16 100 m SV om Skogs-Tibble k:a......... 61 2,19 2,87 + 
17 400 m N om Séderby, Skarfeltens hpl .. 168 3,97 — = 
22 Se Ooo aby ka oe cw, oben es 151 5,03 — a= 
23 700 m NNV om Granby, Bérje......... aS 4,91 — — 
24 100 m VNV om Akerby k:a........... 61 3,12 — = 
25 700 m VNV om Balinge k:a ........... 119 3,42 —- — 
26 500 m S om Eke, Vaksala ........+.... 132 6,01 —- — 


Tabell 1. Varvmatningslokaler, antal varv och deras sammanlagda miktighet. Flack- 
zonens lage éver botten-och dess maktighet. 


Localities for varve measurements, number of varves and their total thickness. The situation 
and thickness of the spotted zone over the bedrock. 


mast tagas icke blott till det regionala laget och glaciallerans maktighet 
utan aven till méjligheten att fa konnektion med kringliggande lokaler. 
Sa har det exempelvis varit nédvandigt att lagga borrhalen tatare inom 
sydvastra delen av kartbladet, dir stora svarigheter att konnektera 
narbelagna varvserier foreligga. 

_ Pa samtliga lokaler har bottenvarvet uppmiitts. Tabell 1 anger loka- 
lernas lage, antalet uppmatta varv samt varvens sammanlagda mak- 
tig het. 

Distala varv med mindre maktighet an 5 mm ha icke medtagits, enar 
dessa varv i allmanhet aro svara att uppmata med tillracklig noggrann- 
het och dessutom sakna betydelse for konnekteringarna. Stérsta antalet 
uppmiatta varv i en profil ar 177 och minsta 56. Endast 4 av serierna 
innehalla mindre an 100 varv. 

Schemat fig. 1 visar lokalernas lage i férhallande till varandra och 
Uppsalaasen. Pilar ange, vilka varvserier som konnekterats. Varv- 
diagrammen fran lokalerna 3, 7, 8, 9, 17 och 25 samt fran GERARD DE 
Guers lokaler 25 Bergsbrunna och 26 S:t Erik atergivas i halv naturlig 
skala i pl. 3 och 4. Samtliga lokalers varvmatningar dro sammanstallda 
i tabellen pl. 5. if 
_ Lokal 7 Bergsbrunna ar belégen 600 m O om den lokal vid Bergs- 
brunna tegelbruk, pa vilken Gerarp De Guer (a. a.) ar 1917 uppmatte 
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Fig. 1. Varvmatningslokaler och varvkonnekteringar inom undersékningsomradet. 
Varve measurements and varve connections in the investigated area. 
For publicering godkind i rikets allmainna kartverk den 10 april 1956. 


sin serie med beteckningen 25 Bergsbrunna. Nagon tveksamhet betraf- 
fande konnektionen mellan de tva lokalerna foreligger icke, iven om 
det med hansyn till det korta avstandet mellan dem maste anses som 
anmarkningsvart, att de 75 understa varven i resp. serier visa sa dalig 
dverensstaémmelse. 

De 138 varven pa lokal 7 motsvara varven -895— -758 1 GERARD 
De Geers kronologi. Bottenvarvet har har i denna undersdkning be- 
tecknats som ar +0. Konnektion fas norrut med samtliga lokaler 
(5, 26, 8 och 9) O om Asen samt med lokal 17 Séderby, belagen 9 km 
V om asen (se fig. 1), Lokal 9 V. Vallby i nordéstra kartbladshérnet kan | 
likaledes konnekteras med lokal 3 Hogsta, beliégen 1 km V om asen. | 
Harifran fas konnektion tillbaka sdderut med lokal 17 dver lokal 25 — 
Balinge och GERARD Dr Gexrs lokal 26 8:t Erik, belagen i S:t Eriks 
lertag V om Uppsala. Cirkeln sluts harigenom, och konnektionerna 


mellan lokalerna 1 omradets 6stra och mellersta delar torde kunna anses 
sikra. 
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Vad ar emellertid konnektion? Vilka krav maste 
uppfyllas, for att tva varvserier med sakerhet skola kunna anses vara 
konnekterade med varandra? Fragan maste lamnas obesvarad, beroen- 
de pa storleksordningen ay den »subjektiva faktorn» i den konnekterings- 
metodik, som star till buds, ndmligen GERARD Dr Geers valkinda och 
beprovade att medelst grafisk jamférelse mellan varvens maktighets- 
variationer i olika varvserier sluta sig till deras inbordes Aldersfér- 
hallande. 

I det har framlagda materialet ar det framforallt de proximala varven 
(bottenvarven), som visa dalig eller ingen 6verensstammelse. Mellan 
de relativt nara dsen, i sydéstra och mellersta delarna av omradet 
belagna lokalerna 7 och 5 samt 7 och 26 kunna de 41, resp. 33 understa 
varven icke konnekteras med varandra. Mellan lokalerna 5 och 26 
finnes ingen dverensstammelse mellan 48 bottenvarv. Detsamma ar 
forhallandet med 41 bottenvarv, jamférda mellan lokalerna 7 och 8. 
Harav framgar att sedimentationsintensiteten de forsta 40-tal aren, 
efter det att isen dragit sig tillbaka fran trakten av Bergsbrunna, maste 
ha vaxlat tamligen oregelbundet inom detta relativt begransade omra- 
de.t 

I norra delen av kartbladsomradet saknas konnektion fér ett 30-tal 
bottenvarv. Mellan lokalerna 3 och 25 samt 3 och 12 dverensstaémma icke 
31, resp. 28 bottenvarv med varandra. Tydligen bero de 30—40-tal, i 
narheten ay isalvsmynningen avsatta, proximala varvens maktighet i 
hog grad pa rent lokala faktorer sisom t. ex. topografiska smadrag, 
vilka kunnat avlinka bottenstrémmarna, som sarskilt pa grund av hég 
slamhalt haft stérre tathet an issjévattnet i dvrigt, i en eller annan 
riktning. 

Varvserier fran den centrala Uppsalaslatten och dess éstra bidalar 
kunna néjaktigt konnekteras med varandra. Inom vastra delen av 
kartbladsomradet bli emellertid férhallandena mera komplicerade. 
Lokalerna 12, 25, 24 och 23 ligga inom slattens vastra randomraden, 
och nagon tveksamhet angaende konnekteringarna féreligger icke har. 
Lokalerna 17 och 15 sté genom en bred bidal och éver Milaren i for- 
bindelse med Uppsalaslatten, och aven har ar konnekteringen godtag- 
bar. For samtliga lokaler (11, 13, 14, 22 och 16), som dro belagna V om 
den streckade linjen a fig. 1, maste emellertid konnekteringarna eller 


1 Anmarkningsvart ar att stoérre delen (varven fran omkr. ar -820 och aldre) av varv- 
serien fran Bergsbrunna, som Espa Hutt Dr Geer (1943, s. 228) anser sig »med Cc. 90 % 
hégkvalificerade 6verensstammelser) kunna konnektera med finska varvdiagram icke 

-ens kan konnekteras med de har uppmatta, narbeligna lokalerna, Samma erfarenhet 
_betraffande Bergsbrunnaserien har tidigare gjorts av N. G. Horner (1948, s. 205). Fort. 
onskar i sammanhanget understryka G. Lunpqvists (1955 a) asikt, att geokronologiska 
undersékningar béra bedrivas pa sd sdtt, att omrade efter omrade arbetas igenom i falt, 
_varefter konnekteringar pa langre avstand etappvis kunna erhallas. 
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férséken till konnektion betecknas som mycket osikra. Dessa lokaler 
ligga inom det kuperade och av smirre dalgangar 1 olika riktningar 
genomkorsade terréngavsnittet V om Uppsalaslaétten och sakna for- 
bindelse med denna genom breda dalstrak. Tydligen maste olikformig- 
heten i lervarvens miktighetsvariationer, som har gér sig gallande 
aven pa relativt korta avstand, fa sin forklaring hérav. Trots att vat- 
tendjupet vid tidpunkten for lervarvens avséttning har uppgatt till 
omkr. 100—150 m (H. Muntue 1940, N. G. Horner 1948, s. 212), 
torde slamstrémmarnas riktningar till stor del ha paverkats av den 
oregelbundna bottenreliefen, sisom exempelvis varit fallet i Stockholms- 
trakten (GERARD Dre GrER 1932, s. 25, 71 0. 84—86). Sett mot bak- 
grunden harav torde konnektioner,-utférda pa mycket langa avstand, 
s. k. fjarrkonnektioner, sakna allt verklighetsunderlag. Bl. a. maste 
klimatvariationer samt lokala sprickor o. dyl. i landisen, som paverkat 
langt ifran varandra belagna isdlvars vattenforing ha gett upphov till en 
olikformig ‘sedimentationsintensitet inom resp. sedimentationsomraden. 
Sasom tidigare papekats, kunna rent tillfalliga likheter 1 lervarvens 
miktighetsvariationer bed6mas som konnektioner, beroende pa den 
subjektiva faktorn 1 den grafiska konnekteringsmetodiken. 

En forestaéllning om hur glaciallerans maktighet avtager med av- 
standet fran rullstensasen och isélvstunnelns mynning, ge kurvorna 1 
fig. 2, dar den kumulativa varvtjockleken avsatts pa ordinatan och 
sedimentationstiden i 20-arsperioder pa abskissan. Pa 100 ar, under 
vilken tidrymd iskanten drog sig tillbaka fran trakten av Uppsala till 
mellan 25—30 km N om staden (ang. recessionshastigheten se nedan) 
avsattes 5.50 m glaciallera pa lokal 5 Nyby, belagen 1 km O om asen 
och pa lokalerna 17 Sdéderby och 13 Persbo, beligna resp. 9 och 18 km 
V om asen, 3,22 resp. 1.51 m lera. Som synes av kurvorna, ar sedimenta- 
tionsintensiteten framforallt under de férsta 40-tal avsmaltningsaren 
och alltsa inom det tidsavsnitt, da de i fraga om miktighetsvariationerna 
lokalt oregelbundna, proximala varven avsattes (jfr ovan), mycket stor 
men minskar, allteftersom iskanten drar sig tillbaka, med en pafallande — 
allt mindre gradient (jfr Gurarp Dr GuErR 1932, s. 71). Kurvorna ge 
aven en bild av den radiira minskningen av sedimentationsintensiteten 
fran isilvsmynningen, som i och for sig icke motsager en timligen ostord 
och regelbunden radialfértunning av lervarven, men eftersom de arliga 
maktighetsvariationerna lokalt kunna vara synnerligen varierande, 
ager bilden ingen generell giltighet. 

Varvmatningarna fran de 17 borrningslokalerna ha legat till grund | 
for isrecessionskartan pl. 2 med ekvicesser fér vart 10-de ar. Har kan 
anforas att natet av observationspunkter ar tamligen glest. Men kartan 
gor e) heller ansprak pa att visa de sma detaljerna och rent lokala av- 
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‘Fig. 2. Glaciallera fran Bergsbrunna lertag i narheten av borrningslokal nr 7. Varvmiktig- 
het ca 1—2 cm. Foto G. Lundqvist 1954. 


Glacial varved clay from Bergsbrunna clay pit in the neighbourhood of drilling locality no. 7 
Varve thickness about 1—2 cm. 


vikelserna i isfrontens tillbakaryckning, utan de extrapolerade ekvices- 
serna askadliggéra huvuddragen ay isavsmiltningen, samtidigt som de 
kunna sattas i relation till andra geologiska indikatorer pa en retirerande 
isfront, némligen israfflor och andmordaner. 

Ekvicessernas generella giltighet stédjas aven av tidigare utforda 
varvmatningar inom omradet. Som ovan anforts, fas konnektion med 
GERARD Dr Geers diagram fran lokalerna Bergsbrunna och S:t Erik. 
Nagra stérre avvikelser kunna ej heller konstateras fran samme forf:s. 
(1940, pl. 61 d) matningsserie fran Bergsbrunna till Eriksberg NO om 
G:a Uppsala. De av N. G. Horner och B. JArnerors (1951, s. 173) 
oublicerade varvdiagrammen fran Marsta, Barby och Nyby kunna. 
iven konnekteras med de har framlagda. 
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100 120 140 160 180 ar 


Fig. 3. Kumulativa varvmaktigheter fran varvmitningslokalerna 5, 3, 17, 8 och 13. . 
I slutet av kurvorna anges aystandet fran Uppsalaasen. 


Cumulative thickness of varves from the localities of varve measurements nos 5, 3, 17, 8 and 13. 
The distance from the Uppsala esker is noted at the end of the curves. 


Sasom omnadmnts rader en viss osikerhet betraffande konnekteringar- 
na inom sydvastra delen av kartbladet. Men saval sambandet i stort. 
med det dvriga undersékningsomradet som andmoraners och rafflors | 
vittnesbérd om isavsmaltningens forlopp peka pa att ekvicesserna a 
priori aven hir maste aga generell giltighet. 

Den bild, som ekvicesserna ge av isrecessionen, domineras framférallt 
av den tydliga inbuktningen mot N kring Uppsalaasen. Isilven har har | 
mynnat i ett estuarium. Redan for 40 ar sedan observerade G. FRODIN- 
(1916), att andmordnerna ofta béja upp mot asarna och antog som— 
forklaring hiartill, att estuarier utbildats kring isélvarnas mynningar. 
De ostligast beligna andmorinerna S om Vange visa aven en tydlig 
tendens att i likhet med ekvicesserna béja av mot N. 

I en sammanstiillning av isréfflornas riktningar fran geol. kartbladen’ 
Vasteras och Uppsala pavisade G. Lunpevist (1955), att inom bagge 
omradena de yngsta rafflorna V om asarna béja.av mot NV och O om 
dessa mot NO. Orsaken skulle vara, att i likhet med G. Frop1ns an- 
tagande, estuarier bildats kring 4sarnas mynningar, och att dessa sa 
smaningom vidgats till isdalar, vars dalsidor, pa grund av att trycket 
mot dem endast astadkoms av vattnet i ishavet, kom att verka som 
lokala isfronter, vilka linkade av isrérelseriktningen mot dsarna. Unge- 
far samtidigt kom R. Repo (1954) till samma slutsats pa grundval av 
raffelobservationer i nirheten av Asstrak i norra Karelen. 
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Observationerna av rifflor och andmoraner, som redovisas pa reces- 
sionskartan, ha valvilligt stallts till forf:s forfogande av G. LunpevIstT 
och ha inlagts efter konceptet till det nya geol. kartbladet Uppsala. 
I relation till varandra ge rafflorna och ekvicesserna en fullt entydig 
bild av isavsmiltningens férlopp inom omradet. De yngsta raifflornas 
_ ziktningar — V om 4sen huvudsakligen N 5°—10° V och 6 om denna 
_ N 5°—10° O — Aterspeglas vackert i ekvicessernas inbuktning mot N, 
_ vilket torde vara ett bevis for giltigheten av G. Lunpevists ovan rela- 

terade uppfattning. 

Sasom framgar av kartan, sammanfaller icke asens langdriktning 
med estuariets mittlinje, som ar nagot forskjuten mot V. Asymmetrien 
ar sirskilt betonad i S delen av omradet, dar forskjutningen uppgar till 
ca 2,5 km. Orsaken torde kunna sékas i de allmanna topografiska fér- 
hallandena. I den stora férkastningsdepressionen 8 km 8 om Uppsala 
(jfr E. Wran 1932 s. 115, fig. 41), som numera utfylles av Malarens 
nordligaste vik Ekoln, utbildades sadkerligen under isfrontens tillbaka- 
ryckning en kraftig kalvningsbukt (jfr M. Warrn 1944), som i sin tur 
avlankat estuariet mot V, samtidigt som dsen lateralt féljt den dstra 
forkastningsbranten. Anmarkningsvart ar aven, att pa nagra lokaler V 
om asen patraffats ett yngsta raffelsystem med NNO-lig riktning (G. 
Lunpevist). Dessa undantag fran den allmanna huvudriktningen kunna 
ha sin forklaring i estuariets i forhallande till 4sen asymmetriska utbild- 
ning. 

Enligt G. Lunpavist (1935, 1955) skulle morgondimmorna haft en 
viss betydelse for avsmaltningen pa estuariets isviggar pa sa satt, att 
den vastra dalviggen mer eller mindre skyddats fran solbestralning 
av en kvarliggande dimma, medan diremot langre fram pa dagen, 
da dimman lattat, solen fritt kunde lysa pa den éstra dalsidan. Avsmilt- 
ningen blev harigenom starkare pa denna, och isens avlinkning mot 
SV odkades. I foreliggande fall torde emellertid bagge faktorerna, d. v. s. 
den ovan papekade topografiska och den av G. Lunpevist anforda, 
ha medverkat till estuariets utformning. 

Hastigheten av landisens avsmaltning kan aven utlisas av ekvices- 
serna. Mellan aren -900— -810 enligt Gerarp De Geers kronologi 
— alltsa pa ca 90 ar — torde hela omradet ha blivit isfritt. Den arliga 
isrecessionshastigheten synes lokalt ha varierat nagot. Enligt ekvices- 
serna var den i SO endast omkr. 175 m per ar men 6kade succesivt mot 
N till omkr. 350 m per ar. Gerarp Dr Geers (1940, s. 149) berdkning 
av isrecessionen till 350-360 m per ar fran matningsserien V om Upp- 
sala (division L och M) synes ha gett ett alltfor hégt varde. Inom hela 
vastra delen av kartbladet har recessionshastigheten i stort sett varit 


omkr. 200—250 m per ar. 
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Av intresse i samband med isrecessionen ar andmordnomradet 1 
sydvastra kartbladshérnet S om jaérnvaigen Uppsala—Hnkoping. Ay 
de pa kartan pl. 2 inlagda 78 andmordnerna ligga inte mindre 4n 55 pa 
ett inbordes avstand bakom varandra i N—S-lg riktning av omkr. . 
200—250 m, d. v. s. ett avstand som val 6verensstémmer med den | 
beraknade Arliga recessionshastigheten. Samordnas de olika 4andmoran- » 
grupperna, blir resultatet i stort sett, att omkr. 10 andmordaner lgga | 
bakom varandra mellan kartans 10-arsekvicesser. Det forefaller salunda | 
troligt, att dndmordnerna har atminstone till mycket stor del aro ars-- 
moraner av samma typ, som GERARD DE GEER (1932, 1940) pa grund- - 
val av ett synnerligen omfattande faltmaterial kartlagt 1 Bromma-- 
trakten. G. Hoppe (1948) fornekar mer eller mindre kategoriskt fére-- 
komsten av arsmoradner och andmordnernas geokronologiska varde i | 
Mellansverige, men hans slutsatser synas har sa gott som uteslutande : 
grunda sig pa andrahandsmaterial och icke pa en omfattande och nog- - 
grann geokronologisk faltundersdkning, som torde vara ett villkor for 
fragans slutgiltiga losning. 

En karaktaristisk detalj i Uppsalaslattens lerstratigrafi ar den s. k. . 
flackzonen. Vissa iakttagelser vid de har utférda foliekarnborrningarna | 
berattiga till en nérmare granskning av denna i sitt slag markliga fére- - 
teelse. 

Flackzonen upptrader vanligen ca 20—30 cm ovanfér glaciallerans : 
sista synliga mikrovarv och bestar av ett maximalt ca 10 cm maktigt, . 
ofta finskiktat lerlager, som innehaller rikligt med vita och ljusgra, . 
ofta grona och ibland aven réda, rundade och avlanga flickar pa van- - 
igen omkr. 1—5 mm storlek, vilka mestadels ligga orienterade efter - 
skiktlagren. Den ar utférligt beskriven av J. P. Gustarsson (1905) fran - 
ett antal profiler i nérheten av Uppsala. 

Flackarna besta till stérsta delen av mer eller mindre vittrade frag- » 
ment av silurisk kalksten och réd ortocerkalk (Ostersjékalk) samt i} 
mindre mangd av sand- och gruskorn av kristallina bergarter. Fragment > 
av sandsten férekomma sparsamt. Vid Marsta ca 10 km N om Uppsala | 
funno 8. Marrson och medarbetare (1950, s. 243) i zonen ett stort antal | 
sma, rundade och mjuka, konkressionslika korn, som ej innehdllo 
sane Daremot var halten av Fe och H,S80,-lésligt P.O, relativt | 

6g. 

Flackzonens stratigrafiska lige i narheten av Uppsala belyses nir- 
mare av en profil pa 19 m djup under markytan (fig. 4) fran en karn- 
folieborrning pa Kungsiingen 500 m V om L. Ultuna gird. Mellan flack. 
zonen (g) och den mikrovarviga glacialleran (a) ligger en 31 cm maktig, | 
styv och homogen lera, som i sin dvre del innehaller enstaka kalkfrag- 
ment och nedtill tva tunna moskikt (¢ och d). Flickzonen dverlagras : 
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Fig. 4. Profil genom flaickzonen fran 
borrning pa Kungsingen 500 m V om 

L. Ultuna. 
Profile through the spotted zone from 19.50 
drilling at Kungstingen 500 m W of L. ; 
Uliuna. a. microvarved glacial clay, b. 
heavy homogeneous clay, c. and e. fine 


sand, d. heavy clay, f. heavy clay with 2 Mikrovarvi 
uncommon calcareous fragments, g. spot- glaciallera 
ted zone, h. heavy clay, i. sand, j. heavy 19.60 65% 


grey homogeneous clay. 


av en likaledes styv, gra och homogen lera (h och j), som dock 5 cm 
ovanfor zonen genomsattes av ett 5 cm miktigt sandskikt (i). 
Lerhalten ar hégre i de tva lerskikten omedelbart under och éver 
lackzonen an i under- och dverlagrande, resp. glaciala och postgla- 
‘lala leror och kan har uppga till inemot 90 % (jfr S. Marrson och 
nedarbetare, a. a., s. 226). CaCO,-halten varierar pa ett karaktaristiskt 
att (fig. 4). I de 6versta mikrovarven (a) dr den omkr. 6 %, i de homo- 
rena lerskikten under och éver flackzonen omkr. 2 °%% men visar i sjalva 
lackzonen ett maximum pa omkr. 12 °% (jfr 8. Marrson och medarbeta- 
e, a.a., 8. 227 och S. STAHLBERG, 1952, s. 17). Hogre upp 1 profilen 47 
m ovanfér flackzonen ar kalkhalten endast 0,3 % for att dérefter 
uccesivt stiga till omkr. 18 % pa 16-metersnivan (jfr B. JARNEFORS, 
955, s. 383, fig. 2). 
Den styva och kalkfattiga leran mellan den mikrovarviga glacialleran 
ch flackzonen torde ha avsatts i extremt distallage under 6vergangen 
vellan Yoldia- och Ancylustid. Moskikten (c och e) ha troligen ned- 
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svallats fran den narbelagna 4sen. Den gra, homogena och dnnu kalk- 
fattigare leran, som éverlagrar flackzonen, ar Uppsalatraktens Ancylus- 
lera, tidigare bendmnd »undre graleray. Sandskiktet (1) maste tolkas 
som ett vid storm fran 4sen nedsvammat lager. Den grovre och kalk- 
rika leran ovanpa Ancylusleran har avsatts under Litorinatiden och 
torde till stérsta delen besté av genom branningsverkan omlagrade 
glacialleror. 

Flackzonens stratigrafiska lige kan saledes mer eller mindre de- 
finitivt faststallas till 6vergangen mellan Yoldia- och Ancylustid. J. P. 
GUSTAFSSON (a. a.) karaktariserar flackarna 1 zonen som moradnmaterial, 
som droppat ner fran smaltande isberg och inbaddats i leran, d. v. s. 
materialet har transporterats pa samma saétt som moranflottarna, vilka 
har och var férekomma i glacialleran och langs Uppsalaasens slutt- 
ningar. Pa grundval av bl. a. den héga halten av siluriskt kalkstensmate- 
rial forlagger han denna istransport till tiden, da isranden stod vid 
Gavlebukten, och en betydande kalvning av isberg med infruset moran- 
material fran Bottenhavets siluromraden agde rum. Denna uppfattning 
delas av H. MUNTHE (a. a., s. 81), som aven anser sig kunna parallelli- 
sera flackzonen med ett av strandade isberg avsatt, mordnartat lager 
mellan asgrus och Ancyluslera, som iakttagits i en asskarning vid Galg- 
backen N om Uppsala. 

Med tillhjalp av de i denna undersékning uppmatta lervarvsprofiler- 
na dar flackzonen patraffats, kan israndens lige vid tidpunkten fér dess 
avsattning approximativt beradknas. Férfarandet framgar av fig. 5. 
For ett antal lokaler med sa fullsténdiga varvserier som mdjligt, och 
dar bottenvarvet givetvis uppmitts, har sedimentmiktigheten i 20- 
arsperioder kumulativt avsatts pa ordinatan, medan abskissan visar 
varvens alder enligt GERARD Dr Gumrs tidsskala. Resp. lokalers flack- 
zon ar inpassad i diagrammet alltefter sitt lage i sedimentserien. Kur- 
vorna utvisa, att glaciallerans sedimentationsintensitet minskat tam- 
ligen kontinuerligt, och dessa kunna saledes extrapoleras upp till 
flickzonen. Fér den mycket jémna sedimentationskurvan fran lokal 3 
Hoégsta blir den extrapolerade tiden endast omkr. 60 Ar, fér évriga 
kurvor mellan 90 och 130 ar. Samtliga exempel férligga flackzonens 
avsdttning till omkr. ar -600, vilket enligt GeraRD Dr Geers (1940, 
pl. 68) recessionskarta éver mellersta Sverige motsvarar ett israndlage i 
Gavlebuktens sédra del. . 

Enhgt forf:s mening ar J. P. Gustarssons uppfattning betraffande den | 
ungefarliga tidpunkten for flackzonens utbildning riktig. Men kan det- 
samma sagas om hans antagande, att materialtransporten skett med 
kringflytande isberg? Skulle s& vara fallet, borde man & priori icke 
enbart finna en val begransad zon med bergartsfragment av ungefar 
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Fig. 5. Approximativ berikning av flickzonens alder i varvserierna fran lokalerna 
5, 3, 9 och ‘11, 
Approximate calculation of the age of the spotted zone from the localities of varve measurements 
nos 5, 3, Jand 11. X-axis: times for sedimentation according to the timescale of GuRARD DE 
GEER. Y-axis; cumulative thickness of varves. 


samma kornstorleksklass (I—5 mm), utan d4ven grovre material, sten, 
block o. s. v. i likhet med de isbergstransporterade moranflottar, som 
foOrekomma i glacialleran och utefter dsen. 

Enligt férf:s erfarenhet fran Uppsalatrakten aterfinnes flackzonen 
ned sitt ovan beskrivna karaktaristiska utseende alltid pa lokaler, dar 
len ursprungliga lagerféljden ar bevarad men ar vanligen bortabraderad 
nom omraden, som varit exponerade for svallning. Den har salunda. 
akttagits pa samtliga borrningslokaler (10 av 17) med sediment fran 
vergangen mellan Yoldia- och Ancylustid. Daremot saknades flack- 
onen i fullstandiga profiler, upptagna med foliekaérnborr, invid rull- 
tensasen vid Jarlasa 23 km V om Uppsala och invid Enképingsasen 
) om Enképing. Flackzonen synes saledes icke sasom de akta moran- 
lottarna vara en rent lokal, mer eller mindre slumpartad foreteelse, 
om avsatts dar isbergen strandat eller moranmaterialet smalt fram 
ch sjunkit till botten. 

Aven flackzonens maktighet synes bero pa avstandet fran Uppsala- 
sen (tabell 1). Pa lokalerna 3 och 5 invid asen ar den 10 cm maktig, 1 
stra kartbladskanten (lokalerna 9 och 6) 6 cm, i nordvastra kartblads- 
6rnet (lokalerna 12 och 11) 6—10 cm och i SV (lokalerna 13, 14, 15 
ch 16) endast 4—5 cm maktig. Det foreligger saledes en bestaémd ten- 
ens till att maktigheten avtager med 6kat avstand fran asen. Det fran 
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profilen vid Kungsingen (fig. 4) omnaémnda, strax ovanfor flackzonen | 
avsatta stormsandlagret (i) har aven aterfunnits pa lokalerna 3, 9, 11, 
15 och 16. Dess maktighet avtager likaledes med avstandet fran asen, | 
och lagret ar i de tva sistnémnda profilerna i SV utbildat endast som | 
ett mycket tunt mjadlaskikt. Forekomsten av sandskikt omedelbart 
ovanfor flickzonen omnamnes aven av J. P. GUSTAFSSON (a. a., 8. 272, . 
not 2). Hans forklaring till fenomenet ar aven har, att sanden avsatts | 
fran smaltande isberg. 

En sammanstallning av det hittills foreliggande observationsmateria- - 
let synes alltsé tala for att flackzonen ar en synkront utbildad fore- | 
teelse, som regionalt begransas till Uppsalaasens sedimentationsomrade, . 
och som avsatts, sedan isen retirerat till trakten av Géavlebukten. . 
Isdlvstunnelns mynning lag da vid buktens nuvarande sédra strand, , 
och troligt ar att den att déma av de proximala avlagringarnas storlek : 
alltjimt synnerligen vattenrika isilven medforde stora mangder ma-- 
terial fran Bottenhavets kambro-siluromrade. Sannolikt ar aven att de» 
losa sedimentaira bergarterna nu icke nedkrossades 1 samma utstrack- - 
ning, som da isdlven tidigare strommade fram 1 sin tunnel 6ver urbergs- - 
terrangen S daérom och det harda, kristallina rullstensmaterialet kom } 
att verka som lopare i en kulkvarn. Mot bakgrunden hirav kan an- - 
tagas, att Uppsalaasens sedimentationsomrade vid tidpunkten for: 
flaickzonens avsdttning mer eller mindre é6versvéimmades av fragment ay ’ 
sedimentara bergarter. 

Det nu framlagda faltmaterialet ar dock icke tillfyllest for en slutgil- - 
tig forklaring till flackzonens uppkomst. Hiartill ar en regionalt inriktad | 
undersoékning av sedimentlagerfoljderna upp mot Gavlebukten néd-- 
vandig. Redan pa detta stadium kan dock framhallas, att den nu 50-- 
ariga och i litteraturen sa ofta citerade uppfattningen, att material-- 
transporten skett genom kringdrivande isberg, icke torde 4ga nagon) 
generell giltighet. | 
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ICE RECESSION IN THE UPPSALA REGION 
Bjorn Jarnefors 1956 


Lokal for varvmétning. Siffran till hoger 

anger bottenvarvets ar, rdknat fran loka- 
Mo len vid Bergsbrunna (= £0) 

Locality of varve measurement. Numbers to 

the right are the years of bottom varves coun- 

ted from the locality at Bergsbrunna (= £0) 


israndlage, drtalet till vanster i enlighet 

med Gerard de Geers kronologi, till ho- 

ger med utgaéngspunkt fran lokalen vid 

Bergsbrunna 

: Ice margin; years to the left according to 
i / the timescale of Gerard de Geer, to the right 

counted from the locality at Bergsbrunna 


Rullstensas 
Esker 


¢ Andmoran 
End moraine 


VV Rafflor 
Glacial strioe 


Andmordner och rafflor efter G. Lundqvist 15 
End moraines and glacial striae after G. Lundqvist 195 
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Runmaroé kalksten och Runmaré gamla kalkbruk 
Av 


Nits SuNDIUS 


Abstract. The chief deposits of limestone in the archipelago of Runmaré lie in a strongly 
folded leptite-anticlinal on the eastern part of Runmaré. Here the limestone forms four 
different areas (I—IV on the map, fig. 1). The areal dimensions of the limestone are rather 
large, probably among the greatest in Sweden when precambrian formations are con- 
cerned, but the quality of the rock is less good because of the presence of contaminations 
of quartz, silicates and also of layers of leptite. Practically no mining has occurred in the 
last two hundred years. 

In the time of about 1575—1650 and 1740—50 a lime-work was operating in the neigh- 
bourhood of Nore on the eastern side of the island, possibly the oldest of its kind in Swe- 
den. But also before this time lime may have been burnt for buildings in Stockholm. The 
first known mention of the lime dates from 1288, when Runmaré and other neighbouring 
islands were given by the king Magnus Ladulas to the monastery and nunnery in Stock- 
holm. It remained in their possession to the Vasteras recess 1527. 

Runmaro och dess skargard erbjuder ur geologisk synpunkt atskilligt 
av intresse. On omfattar den nordligaste och aéven den minst metamor- 
foserade delen av skargardens leptitomrade. Tack vare forekomsten 
av tvenne urskiljbara horisonter inom leptiten har det aéven varit m6j- 
ligt att faststalla tektoniken inom den starkt veckade lagerkomplexen, 
Slutlgen aro Gn och dess angraénsande holmar mycket rika pa kalksten. 

Om vi begransa oss till sjilva Runmarélandet, finner man har utmed 
den héga nordvastra sidan en uthallig zon av gra-gravit leptit, ofta 
bandad och rik pa kalkstenslager.! Zonens lager ha en taémligen brant 
stupning mot SO. At detta hall dverlagras den av en vanligen mork, 
brunaktig eller rédbrun, ofta porfyrisk leptit, som ar sparsamt och 
dahigt skiktad samt i allmanhet fattig pa kalksten. Den skiljer sig aven’ 
fran den gravita underlagrande leptiten genom en hogre kalihalt, medan 
den undre leptiten ar albitrik. Denna dvre porfyr-leptit bildar en syn- | 
klinal, sydost om vilken den gra, undre leptiten ater kommer till synes, 
nu med lagren stupande at motsatt hall mot NV, V, SV och N utmed - 
den béjda granslinjen. Aterstoden av 6n mot éster uppbygges av en 
sluten antiklinal (jfr. narslutna karta i svarttryck), som har sin sédra_ 
spets 4 norra stranden av Furholmen 8 om Séderby, medan den ostliga 
gransen ungefaér sammanfaller med éns ostkust, dir lagren regelbundet | 
stupa mot Oster ut mot sjén. Aven i norr ar antiklinalen sluten med regel- 
bunden nordstupning av lagren. 


1 Jfr kartan till Berggrunden inom sydéstra delen av Stockholms skirgard, Ser. C nr 419. 
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KARTA OVER RUNMARO 
KALKSTENSFORANDE ANTIKLINAL 


500 1000 
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eer el Sy 


E=) Kalksten 
[=] Gra, skiktad leptit (undre) 
Réd eller brun /eptit (6vre) 
Pegmatit 


. 1. Utmed antikklinalens norra och éstra sida utgoéres sidostenen huvudsakligen av 
gnejsgranit och bandade gneisserier, vilka har icke betecknats. 


4 F6r publicering godkiind i rikets allminna kartverk den 28 februari 1956. 
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Inom denna i detalj starkt veckade antiklinal aro de storsta kalk- 
fyndigheterna belagna. Da kalkstenen forekommer som inlagringar 1 
leptiten, varvid dimensionerna av lagren starkt variera mellan nagon 
millimeter och flera tiotal meter, blir det givetvis i viss man subjektivt, 
var man skall lagga grinsen for kalkstensomradena. A narslutna karta 
ha som kalksten betecknats de omraden, dar denna patagligt dominerar. 
Det bér likval papekas, att aven de som leptit betecknade delarna 
av kartan innehalla en mangfald zoner och band av kalksten, om ock 
underordnade i mangd. 

Inom antiklinalen har kalkstenen en mycket oregelbunden utbredning, 
vilket i huvudsak far skrivas pa veckningens konto. I stort sett kan man 
skilja mellan foljande omraden. 

1. Ett stérre triangulart omrade V om Vittrésk, c:a 500 m brett i sin 
norra del och omkr. 1 700 m lang 1 N—S. 

2. Ett rektangulart omrade mellan Vittriésk och Noretrask, cia 
200 x 600 m. Det sammanhdnger sannolikt under Vittraisk med det: 
forra. 

3. Ett mer oregelbundet format omrade N om Noretrask med en 
storsta utstriickning 1 ung. O—V av 1000 m och en bredd vinkelratt; 
diremot av ung. 400 m. Om det under Noretrask sammanhanger 
med omrade 2 eller ett avbrott férefinnes vid denna sjé, ar osakert.. 

4. En uthallig zon V om Nore upp till Ostersjéfladen V om Stor- 
holmen med en langd i NO—SV av c:a 1 200 m och en bredd av 100—250 
m. Det ar isolerat fran omrade 3 av leptit och méjligen utgér denna en 
nedveckad synklinal. 

Ett mindre omrade av kalksten finnes fiven i leptitomradet omkring 
Hemtrasket. Sannolikt utgér det en genom veckning avskiljd del av de 
stora omradena 1—3 (jfr. profilen, fig. 2). Omradet ar dock obetydligt. 

Det ar saledes betydande kalkareor, det dr fraga om. Utanfor Runmaré 
finnas kalklager i riklig mangd i den gra leptitens fortsattning mot 
sdder fran ons V-kust utmed Storén—Rissel6—Munk6—Hoégholmen 
och Skabban, men samlad kalk i sa pass breda zoner, att de skulle vara 
brytvarda saknas. Aven 4 Limskaren och Sédra Fladklippen dster om 
Munk6 finnes kalksten, men ej i tillracklig kvantitet for brytning. 

Tyvarr svarar dock kalkstenen a Runmaroé och dess skiirgard kva- 
litativt ej] mot kvantiteten och mot det som fér industriellt bruk ar 
énskvart. Kalkstenen ar i allmaénhet mycket finkornig — en féljd av 
den svaga metamorfosen. I den tita-finkorniga stenen finner man vidare 
betydligt med fororeningar av silikater av olika slag sasom tremolit- 
aktinolit, skapolit, mikroklin, biotit, sporadiskt aven titanit och tur- 
malin, Kvarts ar allmén och ej séllan riklig. Fororeningarna kunna vara 
skiktvis anordnade, men forekomma dven spridda. Hartill kommer, 
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Lugret 
| Trask 
Nore Trask 


Fig. 


2 
k = kalksten, c = 6vre leptit, d— bandad porfyrit-aplit-6gongnejsserie, e = aplitgnejs. 


. Profil 6ver Runmaré i NV—SO, a = gnejsgranit, b = undre kalkbandad leptit, 


att kalkstenen aldrig ar fullt fri fran leptitband och -baddar. De leptit- 
‘attigaste delarna torde vara att sdka i de norra omraddena, men helt 
saknas leptit ej heller har. Dessa omstandigheter ha gjort, att kalkstenen 
. n. icke ansetts lamplig for industriellt andamal, och sa lange man pa 
mndra hall i mellersta Sverige har tillgang till renare urkalksten, torde 
Runmar6é knappast bliva aktuell for kalkexploatering. 

Om kalkstenens kemiska sammansattning lamna nedanstaende ana- 


yser upplysning. 


1 | 2 | 3 | 4 | 5 | 6 
Dis ale irik ooo 43,1 46,9 45,9 28,2 43,6 41,9 
a... 19,9 14,8 16,1 39,1 15,6 0,1 
Mew O ly ws oi Ube 0,8 1,0 i 0,7 0,4 
a ne 0,5 0,6 0,6 1,4 0,4 0,4 
«Se eee 0,5 2,8 1,5 0,2 0,4 0,4 
ie hs ee 0,9 | ej best. | ej best. | ej best. | ej best. | ej best. 
Leg Se oe eons 33,9 » » 22,1 34,6 » 
olésl. i utsp. HCl.. | ej best. 34,1 35,0 6,1 3,4 23,1 
’ 99,9 | 1000 | 1001 | 988 | 98,7 | 66,3 
B,CO, ber.urCa0.. |. 77,0 | 83,8 | 81,8 | 50,3 | 17,8 | 74,8 


1. Genomsnitt av 5 st prover, uttagna inom omrade 3 norr om vaégen 
nellan Uppeby och Nore. 

2—3. Lokal ej angiven. 

4. Mellan Nore- och Vittrasken, omrade 2. 

5. S:a Spetsen av Vittrask, omrade 1. 

6. V om S:a Vittrask, omrade 1. 
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Samtliga analyser utom 6, som utfdrts av Dr. A. Bygdén, harrora fran 
Cement- och betonginstitutet i Limhamn. Genomsnittsanalysen 1 ar 
total och inkluderar allts& aven de i HCl olésliga mineralen, i de é6vriga 
har analys blott utforts pa i HCl lésligt. Analyserna tyda pa att kalk- 
karbonatinnehallet sallan nar upp till och dver 80 %. Den totala ana- 
lysen 1 tyder pa ett hogt innehall av kvarts. A andra sidan ar magne- 
siahalten lag, Aven i genomsnittsprovet 1, och dolomit torde icke spela 
nagon stoérre roll i kalkstenen. 

Under de senaste decennierna ha sma férsok att uttaga byggnadssten 
utférts 4 St. Limskar, Hoga Fladklaippen, St. Run6, samtliga holmar § 
om Runmaré, samt vid sédra spetsen av Vittraésk. Ett forsdk till kalk- 
branning gjordes under senare delen av 1800-talet. Platsen for ugnen 
ar angiven 4 kartan N om Noretrask. Enligt Masterlotsen C. A. Sdder- 
berg i Nore, vilkens fader utforde forséket, skall dock ugnen ej ha varit 
lampligt byggd och utbytet daligt, varfor foretaget Overgavs. 

En utredning utfordes aven under forsta delen av 1900-talet angaende 
mojligheterna for cementbranning. Utredningen verkstalldes 1 Berlin 
av en cementspecialist pa uppdrag av Alfred Bylin, agare till en del 
av kalken. Utredningen gay dock féga uppmuntrande resultat. Bl. a. 
ansags import av beauxit nédvandig, tydligtvis en foljd av hégt inne- 
hall av kvarts i kalkstenen. 

Runmaré6 har déremot under dldre tider varit sate for en efter datida 
matt betydande kalkproduktion vid Runmaré gamla kalkbruk, sanno- 
likt det férsta och méjhgen det enda i sitt slag i landet. Da brukets: 
existens och verksamhet torde vara foga kanda for fackmannen, bade 
geologer och kalkbruksidkare, synas nagra uppgifter dérom kunna pa-. 
rakna intresse. Historiska data betraffande kalkbruket sammanstalldes 
tidigast av H. JANSSON 1 hans arbete om »Skargardsliv i forna tider», 
del I, Stockholm 1934, och en del ytterligare uppgifter innehallas i B. 
Hedenstiernas arbete »Stockholms skargard», Geogr. Ann. 1948. Kalk-. 
bruket har avenledes berérts av E. Jonson i»Levai skargard», Stockholm. 
1954. 

Man kan antaga, att den tidigaste anvandningen av kalk i landet: 
skedde vid uppférandet av de aldsta murade kyrkorna pa 1100-talet. 
I Visby anvandes kalk for de aldsta stenhusen, profan- och kyrkobygg-. 
nader, pa 1000- och 1100-talen. Kalkbehovet under medeltiden och langt: 
fram i nyare tiden torde till stor del ha tiickts av hemmabranning i liten. 
skala for husbehov éverallt, dir kalksten fanns inom rackhall. Annu. 
under forsta decenniet av 1900-talet férekom dylik hantering. Man. 
brénde 1 jordgropar eller jordugnar, senare i sma murade ugnar. Rester 
av dylika ugnar, i undantagsfall battre bevarade med ugnshus ha an- 
traffats pa en mangfald platser. Ett dussin ugnsplatser inom Séderman- 


Bd 78. H. 2] RUNMARG KALKSTEN 0. GAMLA KALKBRUK 321 
land aro angivna i ett tidigare arbete av forf., i ett fall. vid Priartorp, 
Gillberga sn, stod ugn och ugnshus annu kvar.) Att tillfoga ar ytterligare 
Julita gamla kalkugn vid en kalkférekomst invid sjon SV om gar- 
den. Den var annu 1942 bevarad. Vid Priartorp nedlades driften omkr. 
1902 och vid Forsby skedde sista brénningen 1895 eller 96.2 Vid 
Svardsbro i Sattersta sn i Sédermanland brande man kalk i faltugnar 
for husbehov annu 1926. Nagon avsalu torde aven ha forekommit vid 
ugnarna, dock i ringa skala. 

A andra sidan finner man aven i rakenskaper och andra handlingar 
fran aldre tider uppgifter, som tyda pa kalkbranning i stérre skala och 
omsorger om kalkbehovets tickande for stérre byggnadsféretag. Som 
sadana produktionsorter av stérre betydelse kunna anféras Aland 
(branning av lésa kambro-silurblock), Abo lan (Pargas m. fl. forekoms- 
ter), Dagé och Rumbo eller Warmdééns kalkbruk eller kalkberg, som 
Runmaré-kalkbruket bendimndes under dldre tid. En viss handel med 
kalk for stidernas behov och fér orter, dar kalkbrott e] voro inom rack- 
hall, ar val aven sannolik. En del utdrag ur brev rérande bestallning 
av kalk for statliga byggnationer ma anforas. Uppgifterna ha i alla fall, 
dar icke annat anmarkts, vanligen stillts till mitt forfogande av fil. dr 
Artur Bygdén. 

Brev fran Gustav Vasa till riksradet Ivar Fleming i Abo 19 apr. 
1526 »at han windlegger sigh ath fly oss hiit then mesthe kalk ther wtav 
landit han kan aastadh komma» (Gustaf I:s registratur III, sid. 118). 
Den 17 sept. samma 4r (ib. sid. 283) énskade konungen »X XX eller XL 
skwthor med kalk» till Stockholms slotts uppbyggnad, och denna kalk 
skulle atminstone delvis levereras fran Aland, enadr konungen uttryck- 
igen sager, att Fleming skulle »latha braenna then meste kalk, som the 
braenna kwnna paa Aalandt j wintter.»? 

Enligt beslut pa Vasteras riksdag 1541 byggdes ett blockhus pa 
Vaxholmen, som 1550 ersattes med ett runt torn av sten, borjan till 
Vaxholms fastning. Till murverket fick Stockholms borgare bidraga med 
200 laster kalk fran Aland.‘ 

Brey fran Gustav Vasa 1542 till fogden Mans Smed pa Gripsholm 
Gustaf I:s registratur, Vol. 14, sid. 242). — »Ytterligere ar oss vnder- 
ust, at tu pleger tage stréming aff bonderne i Nykopungz linn for the 
yjelpedagxuercker, och at hwar man ther i nagre hereder, sa well the 
a Sédermanlands kalkstenar och kalkindustri. Sérmlandsbygden, 1942, sid. 35—36. 


Enligt uppgift av Karl Karlsson, Nynishamn, fanns aven en ugn vid Mélnbo. Sista briin- 
ingen skall ha skett 1895 eller 96. ' , 

» Uppgifter om branningen och ugnarna — (en dldre och en senare) finnas i uppteck- 
lingar om folkliv och folkminnen, 1938, av fil. dr Imber Nordin-Grip i Landsmals- 
kivet i Upsala. ; 

* Ref. fran Pargas kalkbergs aktiebolag, 1898—1948, sid. 13, 1951. 
4 Artikel om Vaxholms kastell i D. N. av Sven Jansson, 15 maj 55. 
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fatige som the rike, plege arligen brenne } lest kalck och latha komma 
titt till Gripzholm.» 

Fullmakt fran Johan III till Phillippus Henrichsson angaende kalk 
fran Runmar6 till Stockholm 27 jan. 1575 (R. R.1 fol. 17 v). »Gére 
wetterligit att effther thet wij wele vdj tillstundende war och sommer 
allffwarligenn lathe fullfélie med thenn pabegyntte befestninngh och 
byggning bade har wed Stockholms slott och Swartz66 huus, Och pa 
thett samme byggninng for kalcklése schull iche motte bliffue forhindrett 
och forsumett sasom j nast forlidne ar skeedt ar, Therfore haffue wi] 
befalett thenne breffuijsere war tidinere Philippus Henrichssonn, att 
hann wedh Kalckbiarget pa Wéarmd66n? schall med thet forste lathe 
branne thenn miste Kalch som mégeligtt ware kann, Biude forthenn- 
schuldh ware tillforordnede befalningzmiénn vdj fornimpde Warmdo66, 
thessligest thenn mheenige mann ware trognne Undersather ther 
sammestidz, att the ahre fornampde breffuijsere forfordelige och 
behielpeligée, med hwadh deett hann till samme Kalchbraénningh behoof 
haffuer, therudinnenn scheer thett Oss ahr behageligitt». 

Den 15 maj 1576 (R. R., fol. 107) meddelar Johan III till befallnings- 
mannen pa Viborgs slott Erik Bertilsson angaende en ny befiastning 
darstiides, att den begirda kalken fran Abo lin behévdes fér Stockholms 
slottsbyggnad. Den 3 mars 1577 (R. R. fol. 51) framhalles, att den anyo 
begarda kalken fran Aland och Abo lin ej kunde undvaras for bygg- 
nadsarbeten pa Stockholms och Uppsala slott samt Svartsj6 hus, utan 
maste anskaffas fran Nyland eller annat hall. For att fa kalk till Lin- 
k6pings gard skulle fogden Per Clemetsson (Kungl. brev av 28 febr. 1576, 
R. R. fol. 42 v) underhandla med innebyggarna i Gistads socken om 
upprattandet av nagra kalkugnar. 

Av Johan III vitsordas den 5 okt. 1574 (Hist. Bibl. IT, s. 311, not), att 
tvenne namngivna man fran Dago levererat en kvantitet kalk i Upsala. 

Den 29 mars 1579 kraves av fogden pa Dagé och den 14 april fran 
Aland kalk till byggen & Stockholms och Swartsj6 slott samt i huvud- 
staden (R. R. fol 78 v, 102 v). 

Den 6 juni 1589 (Kammararkivet, Vastm. handl. 1889, nr 3 A) upp- 
manas fogden Bengt Larsson pa Vasby gard av drottning Gunilla Bielke 
att utanordna »Tue lester Kalck» till hennes broder Erich Bielcke fér 
hans bygge pa Rafvelstad »att bekomme widh kalckbergett vdi Skarp 
Losta sockneny (n. v. Vasterlévsta sn). Revelsta ar beléget i Altuna 
sn. sdder om Heby. Narmaste kalkférekomst ar Sala, och méjligen ar det 
denna, som asyftas. | 


1B. R. = Riksregistraturet. 


* Da Runmaré horde till Varmdé skeppslag anvindes aven benimningen Varmdé 
kalkberg eller kalkbruk. 8 g armdo 
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29 juni 1592 skriver Hertig Karl (Riksark. Kgl arkiv, Hertig Karl av 
Sédermanland, Vol. 20) till sin »trogne tienere oss elschelig Lasse 
Weestgothe til Schedwij» om en sindning kalk fran Aland, som pa grund 
av brist pa skutor ej kunnat fraktas samt att yal then kalch som ther kan 
ware til fongs skall hafwe gaedt forbud wpa, inge annerstides att bort- 
lathe an til Kyrkiebyggningerne her i Stockholm». Hertigen vill darfor, 
att man later brianna en kalkugn vid Skednas »fér betalning, sassom til- 
forende skedde». Méjligen asyftas nagon av kalkférekomsterna i trakten 
av Flen. 

Under 1620—50-talen inleddes en stérre aktivitet i kalkbraénningen 
pa Gotland, dar man sedan gammalt brant for husbehov, men e} for 
vasentlig export, i varje fall ej till Sverige. Sannolikt har den gotlaindska 
kalken fran mitten av 1600-talet fram till senare delen av 1800-talet 
spelat en viktig roll for vart lands kalkférsérjning och utkonkurrerat 
de tidigare produktionsorterna. 

De tidigaste dokumenten om Runmaré kalk utgdras av tvenne do- 
nationsbrevy av 1288 fran Magnus Ladulas (Diplomatarium Suecanum 
II, nr 971, 972) till minoriterbrédernas (gramunkebrédernas) och S:ta 
Claras systerkloster i Stockholm, i éversattning fran latinet atergivna 
av EH. Jansson, 1934, del 1. I brevet till minoriterbréderna tillerkandes 
dessa forutom en tomt pa Sédermalm 6arna Yrmingi (n. v. Orminge) 
och Rothmé (Runmaré) med tillagor for bestandigt bruk av dess ved 
och andra tillgangar. I brevet till S:ta Claras kloster uppgives donatio- 
nen forutom ovannémnda tomt pa Sddermalm omfatta ratt till konun- 
gen tillhérig egendom pa éarna Yfrahyrnungi och Ytraehyrnungi 
(Ovre och yttre Orminge), 6n Rédma (Runmaré) med alla dess tillagor 
— bl. a. fiskevatten — samt de till Rodma sedan gammalt liggande 
jarna Skaeparddmae (Skarp Runmarn), Rysthae, Windashé, Swea 
Sandhé (Sand6) och Limho med kringliggande Gar. Klostret tillférsak- 
‘as ratt att fritt och for all framtid pa dessa dar taga kalk och brinsle- 
red for dem, som bor dar. De tva klostren tillhérde bada Fransiskaner- 
rden, och man far forutsitta en viss intressesgemenskap mellan dem, 
iv Jansson tolkad sa, att munkarna fingo hand om en del av natur- 
ilgangarna framst kalk och ved, medan nunneklostret uppbar skatte- 
ntaikterna av darna. Fér munkarna var detta av stor vikt pa grund av 
le kyrko- och klosterbyggen, som da pagingo (S:ta Claras kloster, 
losterkyrkorna). Som grabréderna vid ungefar samma tid av konungen 
rhallit tegelbruket 4 Norrmalm (a n. v. Sabbatsbergs omrade), fingo 
e alla forutsattningar for murverksbyggen. Ett minne fran munkarnas 
id 4 Runmaré ar namnet pa 6n Munk, kand for sin yppiga flora, 
idigare méjligen kallad Rysté eller Limé. Om nagon ordnad kalkbran- 
ingsindustri bedrivits vid denna tid, ar ej kant, ej heller var den 
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skulle ha bedrivits. PA Munké dro inga lamningar av ugnar eller bostader 
kanda. Sannolikt ar, att man tog kalk till de nimnda kyrkhga byggena 
i Stockholm och till andra efterféljande byggen. 

De donerade 6arna indrogos till kronan senast genom Gustav Vasas 
reduktion av kyrkogodsen, Vasteras recess av 1527. Fran slutet av 
1500-talet finnas skriftliga dokument, som visa, att ett kalkbruk da 
existerade pa 6n. I fogderakenskaperna av 1572 noteras salunda 1033 
dagsverken och 360 famnar ved till kalkbruket och sex ar senare 1538 
dagsverken och 458 famnar ved (Hedenstierna, sid. 254), motsvarande 
en ej obetydlig produktion. Ett ytterligare vittnesbérd utgor Johan 
III:s fullmakt av 1575 fér ombudet Phillippus Henrichsson, atergiven 1 
det foregaende. 

I 1580 och 1604 ars fogderakningar (Jansson) finnas uppgifter om en 
person, kallad »Lasse Kalckbrannere pa Wermdé6n», aven »Lasse Kalck- 
bergs fogde», som erhallit frihet pa ett skattehemman och bodde pa 
Lerkila, pa vilken gards agor kalkbruket var belaget. Férlaningen gjor- 
des av Johan ITI och anses av Jansson gjord som uppmuntran for fogden 
att skaffa fram kalk till konungens manga byggnadsforetag. 

1646 finnas bland Stockholms Slotts rakenskaper (Jansson) uppgift 
pa inkomst fran »Kalckbruket i Wermdéén» 1050 daler. Priset berakna- 
des till 3 daler listen, ovisst vilket matt som avses, 1 list = 20 hl, 
riknat efter kolmatt, handelslast = 30 hl, skeppslast = 40 hl. Vidare 
angives avléning at Kalckskiutskepperen, Kalckbergswachtaren och 4 
kalckbergsdrangiar. 

Aven Kristina gjorde en forléning pa skattefrihet at sin kalkfogde 
Eric Rasmusson i Uppeby 1646, som da enligt vad brevet formialer maste 
i manga ar ha varit fogde pa bruket. Enligt Hedenstierna arrenderades 
bruket av Rasmusson mot att han arligen levererade till Stockholms 
slott 300 laster kalk. Enligt uppgift a en karta av 1640 dver Uppeby 
var pa den byns mark »ett kalkbruk belagit». 

Under bérjan av 1600-talet alades stora delar av skirgarden att géra 
dagsverken och limna ved till kalkbruket. Enhigt Hedenstierna skulle 
bénderna anda fran Frétuna och Lanna limna 35! stavrum ved (1 
stavrum c:a 1.9 m) och under 1630 lades 30 hemman pa Namd6 och 
Orn6 under kalkbruket, vilket foranledde omedelbara, dock tills vidare 
resultatlésa klagomal. Aliggandet betydde 59 dagsverken och 8 famnar 
ved for vart hemman. 

1630 fanns vid bruket 1 inspektor, 1 murmistare samt 10 kalkbran- 
nare. Kalken fordes till Stockholm av en kalkskutskeppare och 12 bats- 
man. Leveranserna till Stockholms slott angavos 1630—32 till 252, 288 
och 298 laster. ; 


Kalkbruket torde ha nedlagts i mitten av 1600-talet. Man har ansett 


; 
t 
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att bristen pa bransle spelat en avgorande roll darvidlag. Pa Runmaré 
skall all skog ha varit utdéd, och uppgifter och klagomal forekommo re- 
dan 1630. A andra sidan bérjade den gotlindska dkade exporten under 
1620—30-talen och det dr sannolikt, att konkurrensen fran detta hall 
verkat himmande pa driften 4 Runmard. Med gotlandskalken kunde 
dessutom Runmarékalken ej mata sig i renhet. Anféras ma aven nagra 
uppgifter ur en resebeskrivning av den italienska diplomaten Lorenzo 
Magalotti, som besékte Sverige 1674. Han omtalar, att varken i Stock- 
holm eller dess narhet fanns nagot kalkbruk, varfor all kalk, som behévs 
for byggenskapen, maste skeppas fran Gotland, Finland eller Pommern, 
sasom slickt och fardig fér undvikande av risken att antanda fartyget, 
om detta lackte eller kalken icke kunde skyddas for regn. 

I slutet av 1730-talet upptogs emellertid enligt Jansson driften pa 
Runmar6 anyo for en kort tid av Riksradet Olov Cederstrém, som da 
agde hemmanen Vittrisk och Uppeby. I 1740 ars mantalslingd finnes 
en uppteckning av »Runmars Kalck-Bruks folck»: 1 bokhallare, 1 smed, 
7 drangar och 1 piga. 1745 var antalet drangar 3. Bruket forsaldes till 
en Kapten Meyer och képebrevet lyder pa Lerkila Kalkbruk. Det 
nya bruket har darfor legat pa samma plats som det tidigare. Arbetet 
nedlades senast 1750. 

Den skriftligt dokumenterade perioden av kalkbraénning i stérre 
skala 4 Runmaré omfattar salunda, savitt f. n. kant ar, tidsavsnitten 
1572—omkr. 1650 och ung. 1740-talet. Det ar dock givet, att da kalk- 
bruket 1572 noterades i fogderakenskaperna, maste det antagas ha exis- 
terat tidigare. Redan den omstandigheten, att kalken sarskilt nimnes i 
Magnus Ladulas’ donationsbrev av 1288, visar, att den redan da var 
kand i Stockholm, och att munkarna just vid tiden for de stora kyrkliga 
byggnadsforetagen erhdllo donation bade av kalk och tegelbruk torde 
icke vara en tillfallighet. Sannolikt har kalk tagits fran Runmaré till 
Stockholm bade under denna byggnationsperiod och senare, ehuru det 
ar ovisst betraffande kontinuiteten av kalkbranningen fram till den do- 
kumenterade bruksperioden. 

Sasom ett eftermale till kalkbruket ma anforas en rapport av 1691 
fran lantmateridirektér Gripenhjelm (Hedenstierna), vari bl. a. siges att 
Stockholms slott »skall mastadels vara upmurat med den kalk, som 
ar brind wijd Rumbo Kalckbruk». Kalken sades ha varit av god kva- 
litet, och ett par skutor gick flera ganger arligen mellan bruket och 
Stockholm. . 

Var kalken tidigast tagits, vet man ej. Daremot ar det bade skriftligt 
dokumenterat och styrkt genom lamningar, var kalkbruket legat. Kalk- 
stenen har brutits i den som omrade 4 i inledningen betecknade kalk- 
zonen. C:a 550—700 m N om Nore finner man hiir en kalkstenshéjd och 
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Fig. 3. Skiss 6ver beligenheten avy Runmaré kalkbruk. 
For publicering godkind i rikets allmaénna kartverk den 28 februari 1956. 


Av kartverkskommissionen godkiind fér spridning den 29 februari 1956. 


éster dérom en numera utdikad och tidigare odlad mosse, som kallas 
Kalkbergsmossen, sikerligen en tradition fran brukstiden. A berget 
och SO darom finner man flerstides spar av gammal brytning och pa 
norra sidan av en stig utmed en dalgang SO om kalkberget ses gamla 
husgrunder (jfr. skissen fig. 3).1 Dar stigen kommer ner till stranden 
mitt for Storén finnas tre stérre gropar, 1 vilkas botten murad stensatt- 
ning kan ses, ven om den dr starkt dvertiickt av mossa och jord. Det 
air gamla jordugnar med 6ppningarna vanda mot sjon. Den narmast sj6én 
liggande ugnen har en betydande storlek och ar helt sluten. Detta torde 
bero pa att ugnsgropen 1 senare tid forstorats, varvid utgangen tappts 
till 1 och for anvéndning av gropen for forvaring av latrin, som for 
lantbrukséndamal togs ut till 6n. Enligt masterlotsen S6pERBERG, Nore, 
som vid mitt besdk visade mig platserna for brytning och branning och 
lamnade mig sistnimnda upplysning, skall man fiven vid lugnt vader 


1 Enligt Hedenstierna har bebyggelseomradet fosfatundersékts med funna varden upp- 
till 490° P,O,, »vilket tyder pa intensiv minsklig verksamhet». 
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och klart vatten ha kunnat urskilja konturer av sjunkna fartyg utanfér 
ugnsplatsen. I sundet mellan Storholmen och Runmard ha kalkskut- 
skepparna haft en bra hamn. Brytningen i brotten har varit helt ytlig, 
och man kan ej tala om kalkbrott i modarn mening. Man synes ha spettat 
och slagit ut kalken, dar det gatt lattast, och dar kalken varit nog ren. 
Spar av sprangning aro fataliga och representeras av delar av borrhal 
med mycket grov diameter, drygt 4 em. Da enligt benaget meddelande 
av intendenten T. ALTHIN bergspraéngning med krut knappast forekom- 
mit 1 sédra och mellersta Sverige pa 1600-talet, kan det vara troligt, 
att borrningen utférts under kalkbru- 
kets sista, korta period pa 1700-talet. 

Annu en likartad j ordugn dr kand fran 
Runmarétrakten, naémligen pa éstra sidan 
av Storéns sddra del, i en liten dalgang 
strax ovanfoér spetsen av en vik innanfor 
Angskobbarna.? Platsen kallas annu kalk- 
ugnen. Da gropen ar mindre évertackt An 
vid bruksplatsen, lamnas har en ungefar- 
lig skiss av den. Den dr 6 4 7 mi diameter 
upptill och 3 4 4 m djup. Pa 6mse sidor 

Tig4 aki aver kalkugnsa Oppningen, som vetter mot sj6n, iro mu- 

Stora rade stenverk uppforda, vilka bakat bli 
jordtackta. I gropens botten ses en ring- 
sdttning, c:a 2 mi diameter, av sten, som dock blott ar synlig i en halv- 
cirkel mot O och utat. Sannolikt ar den avsedd som eldningsrum. 
Omkring 20 m NO om ugnen antraffades bitar av en oren kalksten, vilka 
kunna utgéra rester av »upplagy. Om man icke brant sten, ditfraktad 
fran langre avstand, torde dock denna ugn ej ha haft nagon produktion, 
enar brannvard kalk saknas i omgivningen. Uppe i bergsbranten viister 
om ugnen forefinnes ett lager av mycket oren kalk, och har har ett borr- 
hal av samma grova diameter, som 4 Kalkberget satts och ett block av- 
skjutits fran branten. Det dr den enda kalk och det enda tecken pa bryt- 
ning, som antraffats. Kalken i det skjutna lagret ar likartad med kalken 
i »upplaget». Sannolikt har man har att géra med ett misslyckat forsék 
under 1700-talet. 

Hedenstierna anfor uppgifter fran 1630-talet, enligt vilka ugnarna 
bestodo av sma stenklidda gropar, i vilka stenen och veden indelas 
yuthj ett Matt som ahr 3 alnar langdt, 1 aln hégt och 1 aln bredt, deth 
Ricknas for 1 Dagzwerkir steeny. Denna beskickning synes vara val 
liten for ugnen a har anférda skiss, men méjligen kan en narmare 


murverk 


Tot S/O Se 


1 Ugnen ar omnamnd av Jansson. 
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undersékning av ugnsbottnarna i Lerkila-bruket lamna andra di- 
mensioner. 

Raknat med nutida matt och ansprak var produktionen vid kalk- 
bruket ej] stor. Om man som en maximal siffra fér ett ars produktion 
(jfr. Hedenstierna, sid. 255) réknar med 600 laster och antager, att 
man avsett kolmatt (1 last = 20 hl), skulle det motsvara c:a 720 ton 
slickt kalk.1 Om skeppslast avsetts, blir siffran dubbelt sa stor. Den 
beriknade siffran ar mycket approximativ och anfores blott som ett 
ungefarligt storlekstal pa maximal arstillverkning under brukets mest 
produktiva period pa 1600-talet. 


Forf. beder fa framfora sitt tack till Fil. Dr. A. Bygdén, som vanligen 
stallt till forfogande flertalet hair anforda arkivutdrag. Likaledes tackar 
jag Masterlotsen C. A. Sdderberg, Nore, och Lantbrukare Eric Nor- 
man, Norrsunda, for visning av lokaliteter for kalkbrénningen och for 
lokala uppgifter. 


+ Lhislackt kalk = ung. 60 kg. Fér oslickt kalk ar siffran ung. dubbelt sa stor. 
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Inledning 


I nordéstligaste delen av Gastrikland framtrader redan p& A. Blom- 
bergs éversiktskarta av ar 1895 en ombéjning med Ostligt fallande 
axel. Blomberg har betecknat huvudmassan av ombéjningens bergarts- 
nnehall som halleflintgnejs men har darjamte utskilt tv grénstens- 
érekomster och en kalkstensinlagring. Den senare bestar i sjilva verket 
iv kalkslaggig spilit (se nedan). 

Omb6jningen inrymmes sadan den inlagts pa Blombergs karta inom 
damrange socken. Den har sedermera visat sig utgdra en synklinal 
fig. 1—2) och kan darfor lampligen betecknas som Hamrange- 
ynklinalen. Efter Blombergs éversiktliga undersékningar, vilka 
ramst togo sikte pa beligenheten och karaktiren av synklinalens 
nalmforekomster, har den till nagon del behandlats i H. von Ecker- 
aanns studie dver berggrunden lings Ostkustbanan (1928). Von 
ickermann presenterar har ett smalt kartsnitt genom synklinalen och 
imnar en redogorelse for de patraffade bergartstyperna, vilka han 
anfor till vad han kallar leptitserien. Som huvudbergarter inom och 
grannskapet av det karterade snittet utskiljer han fylltisk skiffer, 
dlleflintgnejs och tuffitisk gronstensskiffer. Han némner vidare upp- 
aidandet av kvartsit och anser pa grund av blockiakttagelser ndar- 
aron av spilit sannolik. 

Blomberg har pa sin éversiktskarta lagt Hamrangesynklinalens om- 
vning som gra gnejs, under det att von Eckermann har betecknat. 
sn som gra och réd Ljusnegranit. 
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: 
: 


330 PER H. LUNDEGARDH [Mars—April 1956 


al 50" int 
zr 


Sckeig 


70km 


Forkastning 


4 

1 

3 : 

Aldre granit (primorogen) ae Yagre ytbergarter : 
l 


Jarnmalm Aldre ytbergarter 


Skiffrighet: —:—vertikal, —— 85-897 —1— 5-85; —— obekant stupning 


Stanglighet: °— lutande, —— horisontell 


Fig. 1. Oversiktskarta 6ver Hamrangesynklinalen. Skala 1 : 250 000. Teckenforklaring: 
lises rad for rad fran vanster till héger. Kartan ritad av B. Lindeberg 1956. 
Sketch map of the Hamrange syncline. Scale 1 : 250000. Terms contained in the lege 
from the left of the right: Fault. Pegmatite, younger palingenic granite. Older primoroge 
granite. Younger supracrustal rocks. Iron ore. Older supracrustal rocks. Schistosity: verti 

85—89°, 5—85°, dip unknown. Lineation: inclined, horizontal. 


Foér publicering godkind i Rikets allminna kartverk den 12 april 1956. 
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ig. 2. Hamrangesynklinalens mellersta och sddra delar. Skala 1: 200000. Teckenfor- 
laringen lises stapel for stapel fran vanster till hoger. Kartan ritad av M. Ekman 1956. 


he central and southern parts of the Hamrange syncline. Scale 1 : 200 000. Terms contained 
) the four columns of the legend, from the left to the right: Pegmatite. Migmatitization in 
ypracrustal rocks. Primorogenic granite, red. Do., grey. Pyroxenitic gabbro. Volcanic 
mglomerate. Sedimentary gneiss, red grey. Quartzite. Supracrustal greenstone. Do., spilitic, 
calcite-bearing. Tuffitic-argillitic rock. Leptite gneiss, red. 
Fér publicering godkind i Rikets allminna kartverk den 10 april 1956. 


Varen 1955 igangsatte forf. pa uppdrag av chefen for Sveriges geo- 
giska undersokning en kartering i skalan 1: 100 000 av bl. a. Ham- 
nge s:n och trakten norr dérom. Denna kartering ingar i arbetena 
r upprattandet av en ny berggrundskarta dver Giavleborgs lan. 

Hamrangesynklinalen har vid nykarteringen visat sig innehalla 
enne ytbergartsserier (fig. 1—2 och schemat nedan), dels i rand- 


22 563060. G. F. F. 1956. 


332 PER H. LUNDEGARDH [Mars—April 1956 


omradena en aldre, jarnmalmsfoérande, starkt omvandlad, som skal] 
parallelliseras med Bergslagens malmforande leptit-halleflintserie (jfr 
N. H. Magnusson 1949, s. 99), dels i synklinalens inre delar en yngre, 
ofta tamligen val bibehallen, som visar stora likheter med flera av de: 
bergartsled, vilka i sédra Finland utskilts som bottniska (jfr A. Si 
monen 1953), Synklinalens bergarter visa vanligen svag eller mattlig 
planforskiffring, medan daremot stangligheten ofta ar mycket val ut-. 
bildad, sarskilt i de intermediara leden (fig. 1 och 3). 

Synklinalen utgér ett av de bast bevarade av sydnorrlindska kust- 
landets foéretridesvis isoklinalveckade, ofta sdnderslitna och Over- 
skjutna, 6st—vastligt eller sydést—nordvastligt orienterade ytberg- 
artsstrak. Kustzonens djupbergarter utgéras huvudsakligen av skiv- 
formigt eller antiklinalbatolitiskt (jfr P. Geijer 1916) upptradande gra- 
nitiseringar och granitmagmaintrusioner, men aven gabbroida intru- 
sioner finnas, t. 0. m. i Hamrangesynklinalens centrum (fig. 2). Ett 
exempel pa antiklinalbatolitisk granitmassa férekommer 1 nordvastra 
delen av fig. 1, ett exempel pa skivformigt upptradande granit i syd- 
éstra delen av samma bild. 

Hamrangesynklinalen har mot V. N. V. féljts till jarnvagen Lingho 
—Ockelbo, men pa grund av veckaxelns éstliga stupning dro dar 
endast den yngre ytseriens aldre bergartslager foretradda. Kvartsit: 
patraffas salunda icke vaster om Hamrange k:a. 

Fig. 2 antyder, att bade avslitningar, uppspjilkningar och forskjut- 
ningar mer eller mindre vinkelraétt mot lagringen drabbat synklinalens: 
bergarter. Men icke desto mindre kan en stratigrafisk uppdelning i 
foljande led tydligt iakttagas: 


9. Migmatitisering, palingen granit och pegmatit. 


8. Primorogena graniter, omkristallisationer, metasomatos. 


7. Hypabyssiska och infrakrustala, delvis lagerformade grénstenar (gabbro och dirmed 
besliktade bergarter). 


6. Intermediara och basiska, 6vervagande tuffitiska sedimentbergarter med inlag- 
ringar av vulkaniska konglomerat och baddar eller lagerformade intrusioner av 
porfyritisk gronsten. 

. Ytgrénstenar, 6vervagande spilitiska men aven porfyritiska, med inlagringar ay 
vulkaniska konglomerat och tuffitiska sedimentbergarter. 

. Kvartsit, i O.S.0. dvergdende i rédgra sur gnejs. 

. Ytgrénstenar, i regel spilitiska, delvis med inlagringar av tuffitiska sediment- 
bergarter. 

. Intermediara och sura, 6vervigande tuffitiska sedimentbergarter med sparsamma 
inlagringar ay vulkaniska konglomerat. { 


oO 
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1, Starkt omvandlade, oftast halvsura och sura vulkaniter (leptitgnejs, Adergnejs, 
granitiserad leptit) med sma och sporadiska, isirslitna jarnmalms- och kalkstens- 
inlagringar. Blandgnejs (sur till halvsur leptitgnejs med tunna lager ay omvand- 
lade, intermediara och basiska vulkaniter). 
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Okant underlag. 
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I det foljande skola Hamrangesynklinalens ytbergarter och deras 
omvandling underkastas ett naérmare studium. Daremot kommer de 
i trakten upptraédande djupbergarterna icke att berdras annat 4n i 
den man de sta i genetisk relation till ytbergarterna. 


Aldre ytserien 


Den underst i Hamrangesynklinalen liggande leptitgnejsen ar en 
rodgra till graréd eller rod, mestadels halvsur till sur men ibland inter- 
mediar bergart utan andra primara drag iin en stillvis upptraddande, 
starkt stord, tat vaxellagring med intermedidra och basiska ytberg- 
arter (blandgnejs). Den synes 1 sin helhet utgéras av vulkaniter, vilka 
undergatt kraftig omvandling, bade under den svekofenniska veck- 
ningens huvudfas, da de primorogena graniterna, eller urgraniterna, 
bildades och i sensvekofennisk tid, da berggrunden i stor utstréckning 
underkastades migmatitisering. Harigenom har en mindre del av leptit- 
gnejsen kommit att 6verforas i sur urgranit och en stérre del i adergnejs. 
Som sédra delen av fig. 2 visar, har leptiten drabbats nagot starkare av 
adergnejsomvandling an angransande tuffitbergarter, vilka hora till 
den yngre ytserien. Detta synes vasentligen bero pa leptitgnejsens su- 
rare sammansattning och storre kalihalt. 

Strax utanfér sydkanten av fig. 2 har i leptitgnejsen iakttagits 
nagot magnetit och urkalksten, och i den norra randzonen av syn- 
klinalen (trakten av Sunnasbruk) forekomma talrika sma boudin- 
agerade jairnmalmer (fig. 1) liksom aven urkalkstenslager. Urkalk- 
stenen bildar packar av hégst 10 cm breda lager i rod till rodgra, sur, 
kalibetonad leptit eller leptitgnejs och ar enligt blockstudier lokali- 
serad till havsbottnen mellan Sunndsviken och égruppen Tupparna, 
éster om Sunnasbruk. Det ar saledes, som redan blivit némnt, uppen- 
bart, att vi har ha att gora med en motsvarighet till Bergslagens leptit- 
halleflintserie. 


Yngre ytserien 


Karakteristiska fér den yngre ytserien dro de stora m&ktigheterna 
av gra, mérkgra eller svartgra, tatt finkorniga, i genomsnitt inter- 
mediara, granoblastiska, leptitliknande bergarter, vilka i de flesta fall 
sakna kzistall- och bergartsfragment. En svag skiktning kan ej sallan 
skénjas, men den forskiffring och partiella metasomatos, som bergarten 
undergatt, forsvarar starkt sdkandet efter primara strukturdrag. Det 
torde dock f% anses som oomtvistligt, att har ar fraga om en sediment- 


bergart. 
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Fig. 3. Stiinglighet i tuffitisk sedimentbergart. Sydést om Norrsundet. Foto P. H. Lunde- 
gardh 1955. 


Lineation in tuffitic-argillitic rock. S. E. of Norrsundet. 


Planforskiffring av betydande styrka upptrader endast stillvis 1 
bergarten medan diaremot linearforskiffring, eller stanglighet, kan 
iakttagas i snart sagt varje hall och ofta aér mycket val utbildad. I en 
del fall har hela bergartsmassan blivit paverkad av linearforskiffringen 
(fig. 3), 1 andra fall aterspeglas den endast av den forharskande oriente- 
ringen av de 1 bergarten girna upptradande stralarna och kirvarna av 
sekundir aktinolit. 

Den leptitliknande sedimentbergarten bestar vasentligen av kvarts, 
plagioklas (oligoklas eller andesin), biotit (ofta tillsammans med sent 
bildad klorit) samt, i de surare varieteterna, i regel ocksa kalifaltspat 
(saval ortoklas som mikroklin). I de kalkrikare varieteterna ar kalifalt- 
spat mindre vanlig. Dar upptraida oftast i gengald stralar eller till 
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karvar samlade fibrer ay aktinolit. Som redan blivit némnt, aro dessa 
i stort sett orienterade i den svekofenniska veckaxelns riktning, d. v. s. 
i den forharskande stinglighetsriktningen (jfr fig. 1). De ha salunda 
bildats under ett tidigt skede av den primorogena utvecklingen. I sam- 
band med aktinolitbildningen har plagioklasen minskat i mingd och 
blivit surare samtidigt som kvartshalten ékat (se vidare s. 241), 

I ett senare skede av den primorogena utvecklingen drabbades dven 
kalkfattigare, kalirikare varieteter av omvandling. Dar bildades da 
fibrer och karvar av antofyllit (fig. 7) men aven nya korn av kvarts 
pa bekostnad av bergartens kalifaltspat. Antofylliten ar vanligen icke 
stanglighetsorienterad och avsléjar hérigenom sin yngre alder. 

I samband med bildningen av de sekundira amfibolerna ha berg- 
artens ursprungliga texturdrag helt forsvunnit, i den man de éver- 
levat den redan tidigare timade omkristallisationen till granoblastisk 
mineralmassa. De primorogena férindringarna ha emellertid icke alltid 
stannat vid amfibolbildning. I de kalkrikare varieteterna ha pa flera 


_ stallen aven granat och cordierit (ibland atfljd av sillimanit) bildats, 


varjamte sulfider tillforts (huvudsakligen magnetkis och svavelkis). Av 
stort intresse dr upptrdidandet av turmalin: en blekpleokroitisk varietet, 
som 4r koncentrerad till vastsidan av spilithorisonten genom Hamrange 
(se von Eckermann 1928, p. 317 och fig. 6). 

Til flertalet av de uppraknade mineralen skola vi Aterkomma i det 


_ foljande kapitlet, dar orsakerna till den omfattande mineralnybild- 


ningen komma att analyseras. 
Aktinolitomvandlingen ar kraftigast i trakten av Norrsundet, dir 
upp till 7 cm langa fibrer iakttagits. Antofylliten ar koncentrerad till 


Sundsmarsnaset dster om Axmar, dar ocksa en spridd sulfidminerali- 


sering traffas. Magnet- och svavelkis dominera, men nagot kopparkis 
forekommer jimval. Flera skaérpningar ha gjorts pa lokala anrikningar. 
I vasténden av Axmar upptrader lokalt svartmalm i anslutning till en 


_basisk, hornblanderik horisont i den leptitiska sedimentbergarten 


(Knapergruvan; jfr Blomberg 1895, s. 104). 


Sulfider upptrida dven i trakten vaster om Hamrange k:a. Mine- 


_raliseringen har har samma karaktir som pa Sundsmarsniset. Bl. a. 


vid Sjokalla by har den kisimpregnerade sedimentbergarten blivit fore- 


mal for skarpning. Lokalt forekomma i denna trakt stora mangder av 
-cordierit och granat, liksom aven sillimanit och turmalin (jfr ovan). 


De tre forstnimnda mineralen kunna sirskilt val studeras i en hill 


vid riksvag 13, V. N. V. om kyrkan. 


Sedimentbergartens vanligaste smamineral fro malm och apatit. 


-Dessutom forekomma ej sallan titanit och ortit. 


“a 


{ Ett sent omvandlingsmineral med stor spridning ar epidot. Bild- 
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ningen av detta mineral torde fa forliggas till den sensvekofenniska 
migmatitiseringsepoken, vilken i 6vrigt givit upphov till sur palingen- 
slirighet i synklinalens utkanter (fig. 2). 

Den nu skildrade sedimentbergartens ursprung ar icke helt klarlagt. 
Den svaga skiktningen pekar dock pa en argillitisk avlagring 1 marin 
miljé. Denna uppfattning styrkes ytterligare, nar borhalten beaktas 
(jfr 8. Landergren 1945). Turmalin har visat sig inga icke blott i den 
leptitiska sedimentbergartsmassan utan ocksa i den kvartsit, som skall 
skildras i det foljande. Visserligen torde bor ha tillforts 1 samband med 
den omvandling, som i primorogen svekofennisk tid drabbat Ham- 
rangebergarterna, men i varje fall maste den oftast anmarkningsvart 
lagmetamorfa kvartsitens borhalt vasentligen betraktas som primar. 

Det nara samband och den ofta upptridande vaxellagring mellan 
ytgronsten, sirskilt spilitisk sadan, och leptitisk sedimentbergart, som 
kunnat konstateras 1 synklinalens centrala del, fastslar den senares 
beroende ay vulkanism fér sin utbildning. Fragan blir alltsé icke om 
pyroklastiskt material ingar 1 den leptitiska sedimentbergarten utan 
hur mycket dirav, som finns narvarande. Beteckningen t uf f1- 
tisk sedimentbergart (eller tuffitisk argillit) har av denna 
anledning tillimpats pa den nu beskrivna bergarten. 

Ytgrénstenarna besta till storsta delen av spilit eller omvandlings- 
produkter darav. Tuffartade led finnas ocksa rikligt. Sasom nyss blivit 
antytt, vaxellagra dessa garna med grénstenen. Spiliten ar grénaktigt 
gra till svartgra eller grasvart och innehaller talrika upp till 6 & 7 em 
stora. kértlar fyllda med framforallt smakristallin vit kalkspat men 
ofta delvis 4ven kvarts och spridda korn av mérka mineral (fig. 4). 
I 6vrigt bestar spiliten av en hypidiomorf till xenomorf, latt forskiffrad, 
medel- till finkornig massa av hornblinde, olivin, augit, plagioklas- 
pseudomorfoser och biotit. Det rikliga upptraédandet av olivin ger be- 
lagg for en sekundér mineralombildning av spiliten, sannolikt redan i 
ett tidigt skede av den svekofenniska orogenesens huvudfas. Kalkspat 
finns ocks& ofta i grundmassan, medan kvarts dar upptrider mera 
tillfalligt. Malm ar vanligen det enda smamineralet. Apatit saknas, 
sasom regeln ar i ultrabasiska gronstenar (jfr t. ex. P. H. Lundegardh 
1950, s. 51). 

Ofta har spilitens mineralomvandling under den svekofenniska oro- 
Senesen. gatt sa langt, att kalkspaten dverférts i diopsid. Och val sa 
vanlig ar en fullstindig amfibolitisering av bergarten. I detta senare 
fall har i férsta hand den tidigare sekundart bildade olivinen fér- 
svunnit. 

En vanlig typ av ytligt bildad grénsten ar aven porfyrit med stré- 
korn av saval helt uralitiserad pyroxen som till flera olikorienterade 
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Fig. 4. Spilitisk grénsten. Trakten vaster om Vallvik, mellan Sunnasbruk och Séderhamn. 
Foto P. H. Lundegirdh 1955. 


Spilitic greenstone. To the west of Vallvik, between Sunndsbruk and Séderhamn. 


delindivid omkristalliserad plagioklas, de senare oftast med bevarad 
om an Jatt naggad, idiomorf ytterkontur. Porfyroblaster av plagioklas 
forekomma talrikt bade i denna bergart och i delar av den amfibo- 
litiserade spiliten. Plagioklasen utgor 1 sitt nuvarande skick vanligen 
en andesin. 

I de partier av den tuffitiska sedimentbergarten, som ligga naérmast 
den spilitiska grénstenen, méter man ofta en stark forhdjning av kal- 
ciumhalten. Denna tar sig uttryck dels i utpraglad disposition for 
skarnbildning, dels i uppkomsten av en synnerligen basisk plagioklas 


(labrador eller bytownit). 
Den sedimentbergart, som skildrats i det foregaende, dr petrogra- 
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Fig. 5. Skiffrig sericitkvartsit. Séder om Norrsundet. Foto P. H. Lundegardh 1959. 
Schistose sericite-quartzite. To the south of Norrsundet. 


fiskt sett foga differentierad. Det ar diarfor 1 viss man 6verraskande, 
att Hamrangesynklinalen innehaller en synnerligen homogen om ock 
icke sarskilt ren kvartsit (fig. 5). Kvartsiten ar rédaktigt, gronaktigt 
eller rent ljusgra till rent gravit och mycket finkornig. Den visar en 
latt skiktning, som i O.S.0. starkt tillskirpts genom forskiffring (fig. 
5). Huvudmineral fro kvarts och sericit i nu némnd ordning. Berg- 
arten skall alltsa definieras som sericitkvartsit. Kvartsen 
bildar rundade korn i en tit mellanmassa av sericit. Kalifaltspat och 
turmalin utgéra helt underordnade bestandsdelar. Accessoriskt upp- 
trada biotit, klorit, zirkon och malm (mycket sallsynt). I samband med 
hastigt stigande faltspat- och sjunkande sericithalt évergar kvartsiten 
vid kusten oster om Hamrange k:a i rédgra sur gnejs. 

Av stort intresse aro Hamrangesynklinalens fragmentférande hori- 
sonter. Dessa aro visserligen féga maktiga och icke sirskilt uthalliga 


Fig. 6. Vulkaniskt konglomerat. Sydvast om Norrsundet. Foto P. H. Lundegirdh 1955. 
Volcanic conglomerate. S.W. of Norrsundet. 


men visa i gengild ofta ett rikt innehall av bergartsbitar av skilda stor- 
lekar (fig. 6). En dominerande stallning bland fragmenten intaga inter- 
mediara och basiska tuff- och lavabergarter, medan daéremot sura sedi- 
mentbergarter aro mindre vanliga. De senare utgéras i huvudsak 
endast av kvartsitfragment. 

Fragmenten aterspegla i stort sett bergartsfordelningen i under- 
liggande delar av ytserien. Féljaktligen traffas kvartsitfragment endast 
ovanfoér den nyss beskrivna horisonten av sericitkvartsit. Fragmenten 
aro i regel skarpkantade och oregelbundna, och bergarten 1 sin helhet 
bor i enlighet med F. von Wolff (1914, s. 403) betecknas som ett vul- 
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kaniskt konglomerat. Lokalt finnas dock aéven smafragment- 
dominerade, arkosartade led. 

Vid omkristallisationen av det vulkaniska konglomeratet har ofta 
en mingd sma plagioklasporfyroblaster bildats, vilka jémnt fordela 
sig mellan de olika brottstyckena och grundmassan. Dessa porfyrblaster 
ha samma natur som de, vilka ovan némnts i samband med beskriv- 
ningen av ytgrénstenarna. De kunna skonjas i fig. 6. 


Ytbergarternas omvandling 


Leptitgnejsens omvandling under den svekofenniska orogenesens 
huvudfas kan sarskilt val studeras 1 sydvastra hornet av fig. 1 (trakten 
av Rahallan), dar alla 6vergangar mellan blandad, i genomsnitt sur 
till intermediar, blott starkt omkristalliserad ytbergart och sur till 
intermediir urgranit forekomma. Langt ut 1 urgraniten upptrada har 
spoklika granitiseringsrester, vilka i stort sett inordna sig i de be- 
varade ytbergarternas lagerstéllning. Aven urgranitmassan O.S8.O. 
om Hamrange k:a foreter stillvis strukturdrag, vilka antyda dess upp- 
komst genom granitisering 7m situ. Dessa spérsmal skola beréras nar- 
mare i beskrivningen till den kommande lianskartan. 

Under den svekofenniska orogenesens avslutande migmatitiserings- 
epok ha ytterligare omvandlingar traffat leptithorisonterna. En ut- 
bredd palingenshrighet och ett flertal pegmatitintrusioner vittna om 
det geologiska skeendet under denna tidsepok. 

Den yngre ytserien féreter ett rikare spektrum av petrologiska fér- 
dndringar én leptitgnejsen, men sa dro ocks& sammansattningsvaria- 
tionerna i utgangsmaterialet stérre. Val har granitisering icke iakttagits 
annat an i trakten av Rahiillan (jfr ovan), men i gengild ha mindre 
genomgripande metasomatiska omvandlingar drabbat stora delar av 
den yngre ytserien sidan den framtrader i det karterade omradet. 
Det ar i forsta hand den tuffitiska sedimentbergarten, som blivit utsatt. 
Huvudparten av denna bergart har, fransett omkristallisationen, visser- 
ligen bevarats nagorlunda val inom synklinalens centrala del, men icke 
desto mindre finnas alla dvergangsled mellan normal kvarts-faltspat- 
biotitbergart och palingenslirig adergnejs representerade. 

Under den svekofenniska orogenesens huvudfas kristalliserade de 
bada typerna av sekundir amfibol, férst den stanglighetsreglerade 
aktinoliten, darefter den godtyckligt orienterade antofylliten. Bada 
ha for sin bildning kravt ett tillskott utifran av magnesiumhydroxid 
och vatten. Dessutom ha de férbrukat en del av bergarternas redan 
existerande mineralbestand, sasom féljande reaktionsformler visa: 


pd’ 78. Hy 2] HAMRANGESYNKLINALENS YTBERGARTER 341 


1 a. Kalkrikare tuffitisk sedimentbergart. 
[2Mg(OH), + 4H,0] + (OH),K(Mg,Fe),AlSi,0,, + [4NaAlSi,0 s + 3CaAl,Si,0.] 


Tillskott Biotit Andesin 
= (OH),Ca,(Mg,Fe),Si,0.. + [3NaAlSi,O, + CaAl,Si,0,] + 28i0, + 
Aktinolit Oligoklas Kvarts 
+ [KAI0, + NaAlO,] + 4A1(OH), 
Exudat Delvis 


exudat 


1 b. Kalkfattigare tuffitisk sedimentbergart. 
7Mg(OH), + 3KAISi,0, = (OH),Mg,Si,O,. + SiO, + [3K A10, + 6H,O] 
Tillskott Kalifialtspat Antofyllit Kvarts Exudat 


I de kalkfattigare varieteterna har omvandlingen hejdats i och med 
att reaktion 1 b agt rum, sannolikt till féljd av aluminiumbrist, medan 
daremot en utveckling mer eller mindre i enlighet med ekvation 2 a 
(se nedan) ofta foljt i de-kalkrikare varieteterna. Sillimanitbildning i 
enlighet med 2 b har stallvis ocksa skett: 


2 a. Mg(OH), + 4A1(OH), + [3NaAlSi,O, + CaAl,Si,O,] + 
Tilskott Franla Oligoklas 
+ (OH),K(Mg,Fe),A1Si,0,, = (Ca,Mg,Fe),Al,(SiO,), + Mg,Al,Si,O,, + 
Biotit Granat Cordierit 
+ NaAlSi,0, + KAISi,O, + [2NaAl0, + 8H,O] 
Albit Kalifaltspat Exudat 


2 b. [2Al(OH), + SiO,] = ALSiO, + 3H,O 
Fran 1 a Sillimanit Exudat 


Beroende pa omstandigheterna, kunna i stallet for NaAISi,O, + 
KAISi,0; + [2NaAl0, + 8H,0] i slutet av ekvation 2 a féljande pro- 
dukter bildas: 2NaAlSi,0, + [NaAlO, + KAI0, + 8H,O]. 


I den spilitiska grénstenen har tillférsel ay magnesiumhydroxid och 
kiselsyra orsakat bildning av olivin i grundmassan och diopsid i kalk- 
spatinneslutningarna. Det frigjorda vattnet kan ha underlattat den 
kommande partiella amfibolitiseringen. 

De tillforda substanserna ha for sitt platstagande i ytbergarterna 
under orogenesen med dess héga tryck kravt en substansstrém i mot- 
satt riktning. De vid den salunda timade metasomatosen avgivna ke- 
miska f6reningarna ha i reaktionerna ovan betecknats som ’exudat’, 

De tillférda substanserna ha sannolikt kommit fran ytbergarter 
stadda i stark omvandling, och exudaten ha med lika stor sannolikhet 
letat sig vagen tillbaka till dessa ytbergarter, vilka harigenom blivit 
vasentligt rikare pa sur faltspat och foljaktligen mer granitlika an tidi- 
gare. Pa s& sétt kan en mycket betydande del av traktens primorogena 
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Fig. 7. Antofyllit i tuffitisk sedimentbergart. Slipprov i 8 x férstoring. Sundsmarsniiset 
éster om Axmar. Foto C. Larsson 1956. 
Anthophyllite in tuffitic-argillitic rock. Thin section magnified 8 x. To the east of Axmar. 


granit ha uppkommit. Att bergarter sidana som de redan berorda 
eraniterna i trakten av Rahallan, i sydvastra hérnet av fig. 1, bildats 
pa detta satt, har i varje fall blivit klarlagt. 

Den omvandling, som i sensvekofennisk tid traffat den yngre 
ytseriens bergarter, ar i huvudsak begrénsad till palingenslirighet 1 
den tuffitiska sedimentbergartens bottenlager. Iakttagelser bl. a. 1 
trakten av den stora pegmatitintrusionen §.V. intill Hamrange peka 
pa, att, fransett en viss epidotisering, ingen némnviird mineralogisk 
omvandling traffat synklinalens inre delar i samband med den sen- 
svekofenniska migmatitiseringen. 


Summary: The Hamrange Synecline and 
its Metasomatism 


The Hamrange syncline (Figs. 1—2) between Giivle and Séderhamn in Eastern Sweden 
has developed in Svecofennian time (Old Archaean). It displays an isle of rather well- 
preserved though in part displaced supracrustals in the strongly metamorphic and meta- 
somatic, mostly isoclinal-folded bed-rock to the west of the Bothnian Sea. The fold axis. 


of the Hamrange syncline is directed eastwards with moderate dip. (Compare Fig. 1.) 
Its stratigraphy runs as follows: 
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SS SSS 


9. Migmatitization including the development of palingenic rocks (granite, pegmatite). 
; 

8. Primorogenic granites, recrystallizations, metasomatism. 

7. Hypabyssal and infracrustal, in part conformable greenstone intrusions. 


6. Intermediate and basic, tuffitic-argillitic rocks with intercalations of volcanic 


< 

= |_ conglomerates and beds, or conformable intrusions, of porphyritic greenstone. 
4 = | 5. Supracrustal greenstones, spilitic, or often porphyritic, with intercalations of 
=o volcanic conglomerates and tuffitic rocks. 
% ~ | 4. Sericite-quartzite, in E.S.E. grading into red grey, acid gneiss. 
2s 3. we ee greenstones, as a rule spilitic, in part with intercalations of tuffitic 
ZS rocks. 

q 2. Intermediate and acid, tuffitic-argillitic rocks with sparse intercalations of 


volcanic conglomerates. 


. Metamorphic and in part metasomatic, intermediate and acid volcanics (leptite, 
gneiss, veined gneiss, granitized leptite) with sparse boudinaged intercalations 
of iron ore and limestone, further often with thin disturbed layers of basic 
volcanics (mixed gneiss). 


— 


SOMOS peysna 
-vidus wop[o 


(Substratum unknown.) 


The rocks of the older supracrustal series are red to red grey and strongly altered. 
They have sometimes been seen to grade into acid primorogenic granite. 

The tuffitic-argillitic rock of the younger supracrustal series is a grey to grey black, 
very fine-grained, granoblastic rock composed essentially of quartz, plagioclase (oligoclase 
or andesine), biotite, and, in part of the rock, potassic felspar, too (microcline and 
orthoclase). It is sometimes intimately associated with spilite and often contains tour- 
maline. It should thus be regarded as a marine deposit though part of the boron has 
certainly appeared in the rock during the metasomatism described below. (Compare S. 
_Landergren, 1945.) 

It shows very weak stratification, or no stratification at all. Its schistosity is, however, 
frequently well-developed, the linear schistosity, or lineation, especially. (See Figs. 1 
and 3.) The schistosity has appeared simultaneously with the recrystallization during 
the primorogenic phase of the Svecofennian cycle. The lineation has frequently been 
accentuated by numerous fibres and slender columns of actinolite. This mineral is a 
reaction product concentrated to varieties rich in calcium. (Compare below.) 

In part of the tuffitic-argillitic rock, the plane and linear schistosities have weakened 
simultaneously with the formation of columns and fibres of anthophyllite displaying 
irregular orientations. Both this kind of secondary amphibole and the actinolite earlier 
mentioned have in a great many cases assembled to sheaves. (See Fig. 7.) 

The amphibolization is due to magnesium metasomatism in part combined with 
sulphide ore mineralization (pyrrhotite and pyrite especially). Anthophyllite and sulphide 
ore (sparse impregnations) are most common to the east of Axmar, on the Sundsmar 
peninsula. Sulphide ore is also met with to the west of Hamrange church. 

The calcium necessary for the formation of the actinolite has been derived from the 
plagioclase, which thus ought to have originally been rather basic. Some biotite has also 
been consumed. Simultaneously, the quartz content has increased. (See the reaction 
formula 1 a, p. 341.) ; 

The formation of anthophyllite has been concentrated to more acid varieties. The 
potassic felspar of these has been used up during the reaction. (See equation 1 b, p. 341.) 

In the lime-rich varieties, the aluminium deliberated during the formation of the 
actinolite has frequently attacked the biotite and part of the lime-bearing minerals, 
thus starting reactions implying the development of garnet, cordierite, and sometimes 
sillimanite, too. Contemporaneously, potassic felspar has most often appeared. (Compare 
equations 2 a—b, p. 341.) ; pore 

Most part of the metasomatic exudates developed during the amphibolization seem 
to have been taken up by the primorogenic granites, however. This is valid especially 
in the case of the antophyllite-bearing varieties, which seldom contain garnet and cor- 


dierite. 
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The spilitic greenstone displays inclusions of calcite measuring up to 7 cm in length, 
This rock has also been subjected to strong alterations during the Svecofennian oro- 
genesis. The calcite has thus often changed to diopside (another result of the magnesium 
metasomatism described above), and part of the rock has been wholly amphibolitized. 

The quartzite is a light-coloured rock composed of rounded quartz grains in sericite 
matrix containing, inter alia, a little tourmaline. Varieties rich in felspar have changed 
to red grey acid gneiss — still another result of the Svecofennian orogenesis. 

Regionally, the oldest, leptitic rocks should be compared with the leptite-halleflint 
series of Bergslagen, Central Sweden, whereas the younger supracrustal series seems 
to correspond to the Bothnian rocks of Southern Finland. (Compare A. Simonen, 1953.) 
In late Svecofennian time, much of the former and part of the outermost tuffitic-argillitic 
rock have been subjected to migmatitization involving the development of veined gneisses. 
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Anmilanden och kritiker 


FERDINAND FRIEDENSBURG: Die Bergwirtschaft der Erde. Femte 
helt omarb. uppl., XVI + 562 s., 49 kartskisser i texten. 
Pris hft 66 DM, inb. 69 DM. Ferdinand Enke Verlag, Stutt- 
gart 1956 (tryckt i Berlin 1955). 


Den narmast foregdende upplagan (1948) av prof. Friedensburgs valbekanta 
uppslagsbok ver jordens ravarutillgangar och deras utnyttjande bar annu 
krigets stiimpel i sa matto som att de statistiska uppgifterna ofta var in- 
aktuella och uppgifter angaende manga nyupptackta forekomster av bety- 
delse saknades. Dessa brister var da oundvikliga, och forf. har nu underkastat 
sitt verk en genomgripande omarbetning. Denna marks kanske sirskilt i 
kapitlet om Sovjetunionen, dar férf. aterger atskilliga intressanta sakupp- 
gifter, som lackt ut genom jarnridan. Sifferdata har det dock varit ont om, 
och de senare arens kolumner i de statistiska tabellerna har dirfér vasentli gen 
fatt fyllas med konstruerade varden. Detta giiller fér 6vrigt kommunist- 
blockets stater 6ver huvud taget. 

Snart sagt alla jordens stater, protektorat och kolonier ar medtagna 1 
boken. Salunda har bade Andorra, Falklandsdarna och Nepal givits sir- 
skilda rubriker, trots avsaknaden ay ravarutillgangar. Arabiska halvons olika 
_stater och protektorat har fatt sina oljetillgangar behandlade under det 

gemensamma uppslagsordet Arabien, varigenom en koncentrerad och éver- 
siktlig framstallning vunnits. 

Avvagningen av det utrymme, som dgnats fyndigheter i olika lander, ar 
vanligen god, men undantag finns. Forf:s eget moderland upptar sélunda 
hela 52 sidor, medan de vida ravarurikare Foérenta staterna fatt ndja sig 
med 33 sidor. Denna disproportion far dock betraktas mot bakgrunden, att 
boken i férsta hand vander sig till tyskt forum. 

Skildringen av Sverige omfattar sex sidor. Den borde nog ha varit nagot 
fylligare vad Skelleftefaltet angar. Laisvall nimnes i féregdende och klassi- 
ficeras som en svavelkismalm av Bolidentyp! Har skulle det inte skadat, 
om forf. konsulterat den i hans litteraturforteckning upptagna Malmgeologin 
av N. H. Magnusson. I 6vrigt faster man sig vid, att Geijer-Magnussons 
monografi dver Sveriges jéarnmalmer saknas i litteraturlistan. 

En noggrann genomgang avslojar liknande sma foérbiseenden aven vad 
galler nagra av de andra i Friedensburgs bok beskrivna landerna, men i det 
stora hela ar framstallningen savitt anmalaren kunnat bedéma korrekt. 

Den ar dessutom éverskadlig och synnerligen behaglig att félja. Tabellerna 
ar rediga och aktuella, kartskisserna lattlista, aven om de fyllda sma cirklar, 
som betecknar oljefyndigheter, icke alltid framtrader sa val, och de smarre 


kolfalten ibland ter sig lite suddiga. ’ 
Per H. Lundegaérdh 
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Suirtey W. ALien: Conserving natural resources. Principles and 
Practice in a democracy. Mc Graw-Hill Book Comp., Inc. 
New York, Toronto, London. 1955. 


Boken innehaller nara nog allt i det angivna amnet. Den bérjar salunda 
med en historik av naturskyddsrérelsen — 1 vidstrackt mening — i USA 
iinda fran senare delen av 1800-talet. Stérsta betydelsen hade tydligen den 
naturintresserade Theodore Roosevelt i bérjan pa detta arhundrade »whose 
figthing idealism so frequently led to vigorous action». 

Innehallet ar fordelat pa foljande 6 huvudkapitel (i fri Oversattning): 
1) Landet, jorden och dess bevarande, 2) Vattnet, 3) Skogar, betesmarker 
och semesteromraden, 4) Tillgangar pa vilda djur, 5) mineraltillgangar och 
6) manniskokraften som naturtillgang (Human powers as natural resources). 
Det ar naturligtvis inte allt hari, som intresserar den geologiska lasekretsen, 
men i flera kapitel finns iiven for oss -vardefulla synpunkter. Man kan har 
fasta uppmirksamheten pa en jordmanskarta dver USA i skalan 
1 : 25 000 000 och med 23 olika beteckningar i svartvitt. Bara denna karta 
— som i likhet med de évriga ej ar original — kan vara amne for flera ay- 
handlingar. — Markerosionen har blivit uppmarksammad har i Sverige 
sirskilt under det senaste decenniet, ehuru den ar dvargartad jamférd med 
amerikanska férhallanden. Dessa belyses med flera bilder fran en vatten- 
droppes averkan pa markytan till en karta dver erosionens omfattning 1933. 
Darav synes klart framga, att enbart vinderosionen dr av timligen ringa 
betydelse. Men i forening med betning, regnvattenserosion m. m. ir dess 
verkan sakerligen betydande i de torra omradena. Ett amerikanskt problem, 
som méjligen aven vi bor agna en viss uppmirksamhet, dr, att stora, dyr- 
bara dammar, t. ex. for kraftverk, genom markerosionen och slamtransporten 
under vissa omstandigheter litt kan bli igenfyllda och helt enkelt utplanas. 

Bland andra fragor av geologiskt intresse dr t. ex. oljeférekomsterna. En 
karta diréver visar, att omraden, dir olja ar »impossibley fir av relativt 
ringa utstrackning. En schematisk bild (diagram) éver den seismiska metoden 
for oljeletning ar fétrifflig for undervisningsiindamal. Detsamma kan fér- 
resten sagas om en liten serie profiler, som belyser oljans olika forekomstsiitt. 
Aven andra mineraltillgingar av olika slag, bade icke metaller och metaller, 
har behandlats men i allminhet mycket kortfattat. 

En narmare behandling av arbetet medger ej utrymmet. Har dr endast 
avsikten att for den geologiska lisekretsen fasta uppmirksamheten darpa. 
Det innehaller nimligen mycket av intresse och det vore énskligt, att ett 
likartat arbete behandlande tillimpliga delar astadkommes iiven for Sverige. 


G. Lundqvist 


Joser Scumrp: Der Bodenfrost als morphologischer Faktor. Dr 
Alfred Hiithig Verlag. Heidelberg 1955. VIII + 144 sid., 27 
textfig., 2 pl. Pris DM 15: —. 


Forfattaren har experimentellt undersikt tjalskjutningens inverkan pa 
markytor av olika jordarter och i olika ligen. Matningarna ha utforts med 
hjalp av i jorden nedstuckna stavar, rorliga i forhallande till en fixerad brygga 
eller en till frostfritt djup nedférd stav. De ha foretagits saval laboratorie- 
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massigt i slutna karl som i naturen. Harigenom ha siffermissiga uttryck 
erhallits for tjalskjutningens storlek i vertikal- och i forekommande fall aven 
horisontalled. I detta ligger bokens stirsta viarde. Principiellt innebiira emeller- 
tid resultaten inga overraskningar, da de féreteelser. som undersdkts, aro val- 
kinda for var och en, som sysslat med hithérande problem. Att t. ex. en 
materialtransport ager rum utfor sluttningar utsatta for frostens inverkan, 
dels i form av jordflytning, dels darigenom att sten och grus av frosten 
lyftas ut vinkelratt mot lutningen och vid upptinandet falla tillbaka i vertikal- 
led innebér knappast nagon nyhet. Det ar huvudsakligen frostfenomen av 
denna typ som behandlas, d. v. s. sidana som férekomma i humida trakter. 
Emellertid kommer forf. ocksa in pa foreteelser tillhérande renare subarktiskt 
eller arktiskt klimat, sisom stenringar o. dyl. Dessa resonemang dro kanske 
e] av samma intresse, da det forefaller som om forf. knappast har nagon 
egen erfarenhet hiray. 

Arbetet ger emellertid aven en god dversikt av litteraturen — n. b. den 
europeiska — dver hithérande problem. En sirskild eloge bér férf. ha for 
att han dven synes vil insatt i den skandinaviska litteraturen, nagot som 
tyvarr ganska siallan ar fallet. Den amerikanska daremot lamnas nistan helt 
asido. Man saknar manga moderna arbeten darifran — t. ex. Denny’s under- 
sdkningar lings Alaska Highway — behandlande dessa f. n. i Amerika 
mycket aktuella problem. 

Vad slutligen det typografiska betraffar, si kan man knappast siga att 
verket ter sig lockande. Illustrationerna besta huvudsakligen av enkla prin- 
cipskisser och diagram. Bada planscherna visa av solifluktionen i branta 
sluttningar krékta tradstammar. 

Jan Lundqvist 


E. T. Nystr6m och Kinas jarnmalmer 
Av 
J. G, ANDERSSON 


Jag beklagar att min gamle vin professor Nystrom genom sitt foredrag 
i Geologiska Féreningen den 1 dec. 1955 placerat sig i en position, som gett 
anledning till F. R. Tegengrens tillrittavisning i G. F. F., Bd. 78, sid. 178 
—180. 

Nystréms och mina kontakter stricka sig mycket langt tillbaka i tiden. 
Da jag besékte Spetsbergen 1898 som deltagare 1 Nathorsts expedition, tog 
jag prover av stenkolsflétserna i Isfjorden. Vid aterkomsten till Sverige 
limnade jag dessa prov till professor P. J. Klason vid Tekniska Hoégskolan 
i Stockholm. Under hans ledning analyserades dessa prov av den da helt 
unge H. T. Nystrém. Allt detta tillhérde tiden fore 1905 och foljande ar, 
da flere nationer, amerikaner, engelsman, ae ryssar och svenskar 
1911) grepo sig an med kolbrytning pa Spetsbergen. 
| Trike Preeti blev, da jag fn oe ut till Kina, min forste larare i det 
frammande spraket och visade mig mycket om, hur man bor skicka sig i 
Mittens Rike. Till Tegengrens artikel ber jag att fa gora ett par tillagg, enar 
nan gett mig alltfor mycken berémmelse. Uppslaget till det stora symposiet 
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»The Iron Ore Resources of the World» kom fran min vérdade van och 
larare, professor A. G. Hégbom. Hans initiativ foljdes sedermera av ett 
antal senare geologkongresser, vilka gjorde internationella enqueter roérande 
guld, fosfat o. s. v. Kapitlet Sverige i »Iron Ore Resources) utarbetades med 
stor skicklighet av Tegengren. Han har tillskrivit mig fortjansten att ha funnit 
Hsuan-Lungmalmerna, en mycket enkel sak, sedan jag sett en malmbit pa 
den danske gruvingenjéren Mathiesens bord. 

Aven denna lilla merit skulle tas ifran mig genom ett fynd, som gjordes 
1933—34 vid Chou K’ou Tien, fyndplatsen for »Pekingmanniskan», Sinan- 
thropus, vilkens alder vi skatta till en halv million ar. Over Sinanthropus- 
fyndorten, som vi funnit 1921, traffade nu de kinesiska geologerna en mycket 
yngre avlagring, »The upper cave», med en jamforelsevis modern fauna, vars 
alder vi skatta till cirka 25 000 ar. Bland fynden som har gjordes ar ett for 
mig personligen intressant. Det ar mycket talrika bitar av réd oolitisk jarn- 
malm, som sannolikt kommit fran Hsuan-Lung-fyndigheterna, vilka salunda 
voro kinda for ett folk, som levde for bortat 25 000 ar sedan. Sjalva ordet 
blodsten torde vara uraldrigt och vittnande om den roll, som de réda 
pigmenten spelade i de forhistoriska folkens magi. 


Stockholm den 18 mars 1956. 
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Moétet den 1 mars 1956 


Narvarande 70 personer. 


Ordféranden, hr Collini, 6ppnade métet och meddelade att styrelsen 
har beslutat anordna en exkursion till Uppsalatrakten den 10 maj 
(Kristi Himmelsfardsdag). 

Hr J. Lundqvist féredrog revisionsherattelsen Sver styrelsens och 
skattmastarens férvaltning under ar 1955, varefter av revisorerna till- 
styrkt ansvarsfrihet beviljades. 


Sammandrag av Geologiska Foreningens rakenskaper ar 1955 


Debet 
Balans till dr 1955 
Pe SEL MI ONMEM AK OOUIN. Stee ae tora fs obieleee cass dictates Sooe ewe. Nee 18 091: 43 
Overfort till 1955 Ars lépande kassa ............0.cccecccceccecsecens 1 255: 40 
nkomster under ar 1955 
BEER OEY LOT OVA KOU ewe.  ere’s ne ce» o's Fosse Ao.b ot oreivie tie + sins 547: 60 
Baber Nats POrSKHIngRrad!tcictertevie 5.0/0 ties» me « ate bisior bss « 21 000: — 
SEE CARONGOPOL SANSA. outer ster ata cs fae Tes Gee, tain big Be wind 2 000: — 
MPMLSTHODSIEY CITEEES RELIG A wi sts'oulo oo = else cisiciel cla e's\esocere dees Yioee » 7 766: 96 
» g MOLEUTUATIE EL VaR te 4 3/iliers lovers ic 9 A BIS ad ee SVN we KS 500: — 
URESL VORTMAN sires ie Ben ots Annuals vie a6G 9 61.4.6: 3 5 452: 50 
| HELO ASISTS 2c oe cerihe Rea Rat NES RSI RCO. ear +++ _1700:— 38 967: 06 
Summa kronor: 58 313: 89 
Kredit 


Jigifter under dr 1955 
A. Geologiska Féreningens Férhandlingar 
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BSA LON OLE eee e sacle + oreres hrisins biol cote hee aod ones 11 488: 97 
REPEL EGR asa Pay C0 20 a ar ee AU a L773:70 

LLC UES TATIC| Si naln a otoisis) co acerisi<bagauniele 6 cidie. o (ow eve le beiateleveral aaso%s 166: 40 
Distribution, férsaljning, omkostnader ................2.4- 1 433: 40 

BC PCCINOUSKOStNACOD Yl ..ds loses «sis odeielelalels © ee «Ge sir. hho be hee 182: 35 

eeryoden tor red.distr., bokf6ring,... 0. c.sGeececne cee Fee cie 2 500:— 38 334: 75 
B. Féreningsomkostnader 

Sammantraden och representation ...............20-ee0eee 1110: 15 
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Hr N. H. Magnusson héll ett av talrika kartor belyst foredrag om: 
Sveriges Geologiska Undersékning i ndrings- 
livets tjanst. 

Med anledning av foredraget yttrade sig hrr E. Norin och fore- 
dragshallaren. 

Hr R. Sandegren interpellerade féredragshallaren angaende pla- 
nerna fér det Nordiska Geologméte, som skall hallas 1 Sverige i sam- 
band med Sveriges Geologiska Undersdknings 100-arsjubileum 1958. 
— Jfr »Motet den 2 december 1954», G. F. F. Bd 76, sid. 713. 


Vid métet utdelades N:o 484 av Foérhandlingarna. 


MOtet den 5 april 19956 


Narvarande 45 personer. 

Ordforanden, hr Collini, 6ppnade métet med fdljande anfdrande: 
Sedan férra sammantridet har en av Foéreningens allra aldsta med- 
lemmar gatt bort. Den 3 april avled férre rektorn, fil. dr Per Wilhelm 
Abenius. Abenius var fodd den 21 maj 1864 och blev efter studier vid 
Uppsala Universitet docent i kemi darstaides 1891. Vid Tekniska 
gymnasiet i Orebro var han lektor 1904—1914 och rektor 1914—1929. 
Abenius vetenskapliga produktion behandlar framfér allt organisk- 
kemiska problem. Hans »Elementir larobok i oorganisk kemiy har ut- 
kommit i sex upplagor. Medlem av Geologiska Foreningen blev han 
1886. 


Jag lyser frid 6ver hans minne. 


Styrelsen har till ledamot i Foreningen invalt Avdelningsingenjér 
Rudolf Karlsson, Stockholm, Féreslagen av hr Asklund. 


Styrelsen har ytterligare diskuterat 1958 ars nordiska geologmite. 
Hr Hessland har vid férfragan forklarat sig villig fungera som métets | 
generalsekreterare. Hr Carl Larsson har tillmétesgatt styrelsens énskan - 
att som sekreterare handha rese- och inkvarteringsdetaljen. Styrelsen 
foreslar, att Foreningen valjer hr Hessland till generalsekreterare och 
uppdrar at honom och styrelsen att i samrad vidtaga nédvindiga 
arrangemang for geologmdtet. Styrelsens avsikt ar att med tanke pa 
S. G. U:s samma 4r infallande jubileum bedriva férberedelserna under 
kontakt med dverdir. Magnusson. 


Foreningen bifdll styrelsens férslag. 


m4 
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Professorskan E. Hult De Geer limnade ett meddelande: N yda- 
tering av svenska issjéar samt Alleréd-Bél- 
lingtermalerna, varvid hon for den Centraljiimtska _issj6n 
namnde fem skilda sénkningar inom 350 Ar och sirskilt de tva sista 
tappningsvarven, det ena enligt riattelse ar —84, atfoljt av fortsatt 
glaciala varv fram till den sista tappningen med Vikbackens avslu- 
tande megavarv. Detta De Geers nollvaryv palagras omedelbart ay 
den méorka, biotiska, microvarviga postglacialleran, bevisande tapp- 
ningens slut, lugnvatten och det tempererade havsvattnets dominans, 
saledes postglacialtid att harifran raknas med plus-ar. 


Med anledning av féredraget yttrade sig hr Caldenius och foredrags- 
hallaren. 


Hr Caldenis inligg atergives har i nagot utvidgad form. 


Den for féredraget tillmatta tiden tillat ej foredragshallaren att si ut- 
forligt belysa de dateringar, som presenterades, att de nu kunna upptagas 
till diskussion, vilket maste beklagas. 

Det ar emellertid en fraga, som berérdes i foredraget, till vilken jag redan 
nu vill klargéra min instillning, och det ar fragan angdende O-aret. Herrar 
Borells och Offerbergs matningar i Indalen ha bekriftat min redan i Ymer- 
uppsatsen 1941 uttalade férmodan, att profilerna vid Storedan och Vik- 
backen i Indalen voro felkonnekterade. Mellan de dir som samtidiga antagna 
bada tappningsvarven har det nu fastslagits, att det ligger en tidrymd av 
c:a 80 ar. Da 0-aret var knutet till dessa tappningsvarv, fick man alltsé nu 
— som Borell och Offerberg drastiskt uttryckt det — tva 0-arsvarv, och 
fragan uppstod, vilket av de bada tappningsvarven ritteligen borde repre- 
sentera O-aret. 

For foredr. synes valet ha varit enkelt. Hon resonerar tydligen som sa, 
att eftersom Gerard De Geer i Vikbacksprofilen férst matte tappningsvarvet 
och under antagande av att det representerade en viss hindelse knot 0-aret 
till detta tappningsvarv, sa skall O-dret bibehallas vid detta samma tapp- 
ningsvarv, trots att det nu har visats att det icke representerar den hindelse, 
som De Geer asyftade. Vinsten dirmed dr, att man for tillfillet slipper 
andra tidskalans artal. Man rakar emellertid i en annan dilemma, som foredr. 
pa allt sitt sdker bortforklara, men som Borell och Offerberg tagit mera 
allvarligt. Man maste namligen da franga eller gora vald pa Gerard De 
Geers definition pa O-arsvarvet. Det har Borell och Offerberg ej velat géra, 
och de ha darfor stannat for tappningsvarvet vid Storedan som O-ar. 

Vad ar da Gerard De Geers definition pa 0-arets tappningsvarv. Ja, han 
framholl gang pa gang att som grins mellan tidskalans olika perioder maste 
sittas varv eller grinser mellan varv, latt igenkannliga och registrerande 
markligare haindelser under isavsmiltningen. Som slutvarv pa den fini- 
glaciala perioden satte han det sannskyldiga jittevarv — sa uttryckte han 
ig ibland — som avsattes i Indalen vid — sasom han antog det — landisens 
bipartition. Han ger den definitionen bl. a. 1914 i Naturvetenskaplig revy, 
1926 da han presenterar tidskalan i »On the solar curve ete.» for amerikansk 
oublik och slutligen ocks& i Geochronologia Suecica, Principles 1940. Diir 
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tillfogar han att O-arets tappningsvarv mitts vid Storedan, vid Vikbacken 
och vid Singsin, med en tjocklek av respektive 98 cm, 18 cm och 17 cm. Att 
varvet ledde sitt ursprung fran en stérre tappning genom Indalsalvens dal 
hade ocks& visats genom varvmatningar omkring Gesunden, dar varvet var 
dver 1 m tjockt och bestod av sand, som i nirheten av Stugun vid fjordens 
innersta ande 6vergatt till grus med 2,5 m tjocklek. Att tappningsvarvet 
pa goda skal fortjanade benamningen bipartitionsvarvet framgick av att vid 
Storedan annu de 50 varven narmast ovan detsamma voro mer in dubbelt 
sa tjocka som de 50 varven under detsamma. Borell och Offerberg ha kunnat 
folja sparen av tappningen anda till Kavsta, ett fatal mil fran Sundsvall. 
Det finns intet annat tappningsvarv i Indalen, som vare sig betraffande 
maktighet eller utbredning kan tavla med detta varv. Det dr otvivelaktigt 
det finis glacialis, som Gerard De Geer antog och satte som istidens slutar 
och tidskalans 0-ar. 

Vad nu angar Vikbackens tappningsvarv, som foredr. vill bibehalla som 
0-ar, sa skiljer sig detta pa intet satt fran de andra tappningsvarven 1 dalen. 
Det representerar en sen efterskvatt till den stora tappningskatastrofen. 

I Vikbaicksdiagrammet saknas nu Storedevarvet — det ar mycket for- 
argligt —veller ocksa sitter det nagon annanstans an dar det borde sitta. 
Det maste vara som féljd av glidningar just omkring tappningsvarvet. Vik- 
backsprofilen ar alltsa 1 viss man defekt. Det ar aven pa grund hirav mycket 
svart att forsta foredr:s staillningstagande. Tidskalan har allt att vinna pa 
att man redan nu gor den rattelse, som anvisas av det material, som fram- 
lagts av Borell och Offerberg. Vill man inte géra det, da bér det sagas ifran, 
att det O-arslage, som foredr. nu valjer, ej] stammer med det lage, som den 
ursprungliga definitionen sa uttryckligen anger. Fér min del anser jag detta 
vara en foga tilltalande utvig. De verkliga ankarpunkterna i tidskalan dro 
dock de vary, som Gerard De Geer satte som grainser mellan perioderna. 


Fru E. H. De Geer: Férst med postglacialtidens klimat och sediment | 
bér komma postglaciala artal (G. De Geer 1911, GFF 33, s. 469). 


Hr O. Brotzen holl ett med ljusbilder belyst foredrag: K o p par- 
mineraliseringeni N. Rhodesia och Katanga. En 
uppsats 1 mnet kommer att inflyta i ett foljande hafte av Férhandling- 
arna. 

Med anledning av féredraget yttrade sig hrr Asklund, Gavelin, 
G. Kautsky, Fr. Brotzen, Marklund och foredragshallaren. 
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Geolognytt 


Sakkunniga for tillsittande av den efter prof. G. Troedsson lediga professu- 
ren 1 geologi, sarskilt historisk geologi, vid Lunds universitet ha, sedan prof. 
Chr. Poulsen, Képenhamn, avsagt sig, varit: prof. I. Hessland, Stockholm, 
prof. L. Stormer, Oslo, och prof. P. Thorslund, Uppsala. De sakkunniga 
placera de sékande, docent B. Bohlin, Uppsala, statsgeol. F. Brotzen, Stock- 
holm, fil. lic. V. Jaanusson, Uppsala och docent G. Regnéll, Lund, pa fél- 
jande satt. 

Hessland: 1) Bohlin, 2) Brotzen, 3) Regnéll, 4) Jaanusson. 

Stormer: 1) Brotzen, 2) Regnéll, 3) Bohlin, 4) Jaanusson. 

Thorslund: 1) Bohlin, 2) Brotzen, 3) Regnéll, 4) Jaanusson. 

Vid omréstningen i sektionen erhdllo de sékande med hansyn till placeringen 
foljande antal réster. 

Bohlin: Ista rummet 4; jimstalld m. Regnéll i Ista och 2dra rummet 1; 
2dra rummet 10. 

Brotzen: 2dra rummet 4; 3dje rummet 11. 

Jaanusson: 4de rummet 15. 

Regnéll: 1sta rummet 10; jaimstilld m. Bohlin i Ista och 2dra rummet 1 
3dje rummet 4. 

Stérre akademiska konsistoriet har pa forslag uppfért: 1) Regnéll, 2) 
Bohlin, 3) Brotzen. 


Kcklesiastikministern har framlagt proposition om forstiirkning av Stock- 
holms hégskolas personalorganisation, som syftar till att hégskolan inom 
rimlig tid skall komma i paritet med universiteten i Uppsala och Lund. Bl. a. 
foreslas att docent C.-G. Wenner utan ansdkan utses till laborator i kvartar- 
geologi. 

Det Kongelige Danske Videnskabernes Selskab har till nya medlemmar 
invalt bl. a. professorerna R. Florin, Stockholm och A. Hadding, Lund. 


__Fysiografiska sallskapet i Lund har till ny ledamot invalt statsgeologen 
fil. dr B. Asklund. 


Statens vetenskapliga forskningsrad har utdelat bl. a. fdljande anslag: 
Prof. G. Erdtman, Bromma, 1000 kr. fér inredning av det palynologiska 
laboratoriets lokaler; Fil. Mag. T. Ingmar, Uppsala, 5575 kr. fér botanisk 
och kvartargeologisk undersékning av myromradet Floran i norra Uppland; 
Fil. Lic. N. Marklund, Uppsala 2422 kr. for undersdkning av sambandet 
mellan sedimentegenskaper och mineralisering i eokambriska areniter vid 
Laisvall; Fil. Kand. H. Svensson, Lund, 220 kr. fér stereoskopisk analys av 
tunatakomraden pa basis av flygfotografiskt bildmaterial; Docent E. Teng- 
strém, Saltsj6baden, 3000 kr. for berakning av geoiden i Sverige ur tyngd- 
craftsanomalier och astronomiska lodavvikelser. 


Sveriges geologiska undersoéknings failtarbeten 1956 


statsgeologen G. Lundqvist évervakar provkartering av geologiska kart- 
bladet 10 Stockholm NO, utfor éversiktskartering av jordarterna 1 Gavle- 
borgs lan samt foretager dversiktsresor for jordartskarta dver Sverige. 
Extrageologer: G. Eriksson, R. Gorbatschev, K. Nilsson. 
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Statsgeologen B. Asklund utfor undersdkningar éver berggrunden i Jamt- 
lands lin. Extrageologer: G. Stalhés, A. Stromberg. 

Statsgeologen G. Ekstrém utfér speciella kvartargeologiska och hydrogeolo- 
giska undersdkningar bitridd av e. geologen J. De Geer. Extrageologer: 
B. Linder, O. Svensson. 

Statsgeologen O. Kulling leder berggrundsrekognoscering i Norrbottens lins 
fjalltrakter. Extrageolog: B. Ingre. 

Statsgeologen F. Brotzen leder undersdkningarna efter salt och olja i Skane. 

Statsgeologen W. Larsson reviderar berggrunden pa kartbladet Falkenberg, 
utfor vissa 6versiktskarteringar 1 sydvastra Sverige samt undersdkningar 
for bergrum och tunnlar. 

Statsgeologen P. H. Lundegardh leder 6versiktskarteringar av berggrunden 1 
Givleborgs och 1 Géteborgs och Bohus lin och angrainsande delar av Dals- 
land, samt utfor undersdkningar 6ver bergrum och tunnlar. Extrageologer: 
for Gavleborgs lan H. Lindholm, B. Lindqvist, Th. Lundqvist, for Goteborgs 
och Bohus lain L. Bergstrom. 


Statsgeologen E. Fromm fortsatter jordartskarteringen av Vasternorrlands 
lan samt utfor praktiskt-geologiska undersékningar Norrbottens och Vas- 
terbottens lin. Extrageologer: A. Hérnsten, N. Svensson. 

Statsgeologen E. Mohrén utfor speciella hydrogeologiska undersékningar i 
nordvastra Skane. 

Statsgeologen G. Kautsky utfér malmletning och berggrundskartering inom 
Vasterbottens och Jamtlands fjilltrakter. Extrageologer: H. Berg, G. Nils- 
son. Praktikanter: D. Kuscer, J. Remane. 

T. f. statsgeologen R. Frietsch utfor malmgeologiska arbeten inom Norr- 
bottens och Vasterbottens urberg. Extrageologer: K. Bostrém, G. Folcker. 
Praktikant: J. Lundberg. 

Professor 8. Hjelmqvist leder rekognosceringen for dversiktskartan dver 
Kopparbergs lans berggrund. Extrageologer: B. Collini, J. v. Feilitzen, P.. 
Forsell. 

Professor P. Thorslund utfér stratigrafiska och tektoniska undersékningar 
inom Jamtlands lin. Extrageolog: T. Tjernvik. 

Laborator G. Assarsson leder med bitride av e. geologen 8S. Holmberg arets 
torvinventeringar. 

Laborator 8. Werner leder statens malmletningsarbeten i Ovre Norrland. 

Avdelningschefen U. Hagander leder borrnings- och blottningsarbeten i sam- 
band med statens malmletningar. 

Geologen J. Lundqvist utfér revisionsarbeten av jordartskartan déver Varm- 
lands lan. Extrageolog: H. Moller. 

Geologen B. Jarnefors leder jordartskarteringen i Gita dlvs dalgang och féljer: 
Geotekniska institutets arbeten darstiides. Extrageologer: R. Borell, I. 
Forsberg. ; 

Geologen B. Dahlman utfér specialundersékningar dels inom Narkes och 
Vastergétlands alunskifferomraden, dels inom Sveriges urbergsgrund. 
Extrageologer i alunskifferomradena: B. Boquist, N. Svensson. Extra- 
geologer i évrigt: P. G. Hjern, R. Hulth, E. Johansson, M. Johansson, 
O. Kint, L. Lindblom, H. Nairis, H. Nordlund, I. Paulsen, R. Randmetz, 
J. Sjéstrém. 

Geologen H. Tullstrém utfér hydrogeologiska undersékningar i Skane samt: 
kompletterande undersékningar pi Gotland och Oland. : 
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Geologen E. Ahman, foretar tjinsteresor i samband med utmilsliggningar 
och inmutningar samt utfor berggrundsgeologiska specialundersékningar 
i Ovre Norrland. 

Geologen H. Sarap utfér malmgeologiska arbeten i Vasterbottens lans urberg 
samt 1 Vasterbottens och Jamtlands fjalltrakter. 

Geofysiker L. Granar bitrader laborator Werner med de geofysiska mat- 
ningarna vid statens malmletningar. 

Assistenten C. Larsson deltar 1 jordartskarteringen i Givleborgs lan och 
utfér torvgeologiska undersékningar 1 Varmlands lan. 

Assistenten A. Theolin deltar i malmgeologiska arbeten 1 Vasterbottens och 
Norrbottens urberg. 

E. geologen J. De Geer utfér kvartirgeologiska undersdkningar, framst 1 
Stockholmstrakten, samt bitrader statsgeologen G. Ekstrém vid special- 
undersékningar 1 Norrland. 

E. geologen B. Johansson utfér vissa hydrogeologiska undersékningar, framst 
i Halland och Bohuslan. 

E. geologen J. Offerberg utfor malmletnings- och berggrundskartering inom 
Vasterbottens urberg samt Visterbottens och Jamtlands fjalltrakter. 

E. geologen 8. Holmberg G6vervakar patrullerna vid torvinventeringen. 
Patrulledare: H. Gdransson, Th. Renevall, K. Risto, E. Wendel, A. Garde- 
folk. 

E. geologen G. Bexell bitriider vid berggrundsrekognosceringen 1 Norrbottens 
lans fjalltrakter. 

E. geologen H. Johansson utfér berggrundskartering inom Kebnekaise- 
omradet. 


Harmed riktas en allvarlig uppmaning till férfattarna i Geol. Féreningens Férhand- 
lingar att avlamna tydliga, slutgiltiga och val genomsedda samt helst maskinskrivna 
manuskript. 

Sarskilt bér uppmarksamheten aignas 4t stringt genomférd konsekvens betraffande 
skrivningen av namn, latiniserade ordformer och tekniska uttryck, samt at 
stilformernas riktiga betecknande (kursiv, sparrad, KAPITALER). Kursiystil anvan- 
des blott fér latinska namn (ej fér att understryka vikten ay visst textinnehall). Sparrad 
stil anvandes for att framhava vissa ord eller meningar i texten. Kapitiler an- 
vandas fér alla personnamn. I manuskriptet utmirkes: 

sparrning med --------- 

KAPITALER » 

kurstw 2) a rere ae 

Konsekvens i forkortningar ar i hég grad énskvird. Foljande detaljer kunna uppmark- 
sammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Titel angives blott férsta gangen férfattare citeras, men upprepas ej onddigtvis. 

Citerade arbeten anféras i texten med angivande ay férfattarens namn och arbetets 
tryckaér inom parentes (SAHAMA 1954), och sammanstillas i alfabetisk ordning vid upp- 
satsens slut (observera skiljetecknen och férkortningar): 

Sanaa, Tu. G., 1954: Mineralogy of mafurite. Bull. Comm. géol. Finl., N:o 166. 

Korrekturlisning Aligger farf. Red. 


SVERIGES GEOLOGISKA UNDERSOKNINGS SENAST 
UTKOMNA PUBLIKATIONER ARO: 


Ser. Aa. Geologiska kartblad i skalan 1:50000 med beskrivningar. 


Pris for karta med beskrivning 10:— kr, fér enbart karta 8:— kr. 

N:o 192 Onsala av R. Sandegren och P. H. Lundegardh. 1952 

193 Granna ay P. Geijer, B. Collini, H. Munthe och R. Sandegren 1951 
194 Sater av S. Hjelmqvist och G. Lundqvist 1953. 

195 Saré av P. H. Lundegardh och R. Sandegren 1953. 

196 Vasteras av P. H. Lundegirdh och G. Lundqvist 1954. 

197 Laholm ay W. Larsson och OC. Caldenius. T. vy. utan beskrivning. 
198 Halmstad av W. Larsson och C. Caldenius. > > > 


vv wav ve YY 


Ser. Ad. Agrogeologiska kartblad i skalan 1: 20000 med beskrivningar 


Pris for karta med beskriyning 8: — kr, fér enbart karta 6: — kr. 
N:o 2 Lund av G. Ekstrém 1953 


>» 3 Revinge T. vy. endast karta 
>» 4 Léberéd > > > 
>» 5 Ortofta > > > 
>» 6 Kavlinge > > > 
» 7 Teckomatorp > » > 
>» 8 Trollends > > > 


Arsbok 48 (1954) 
ser. C. 
N:o 536 Gavelin, S., A telluride assemblage in the Rudtjebacken pyrite oro, 
Wasterbameroeweden ioe. . Fo. e ete) Mh ee 1,00 
>» 537 Jerlov, N. och Kullenberg, B., Underaékning rérande spridning och 
avsittning av i vattnet suspenderat slam vid utstjilpning av 


mudder i Byfjorden yaren 1953. Engl. summary. 1954 ..... 2,00 
>» 538 Tullstrém, H., Hydrogeologiska férh4llanden inom Slite képing pa 
Gonand gue La SAMMAyy, LODO rs | apes eas “oh ol so awn wail wid 1,50 


» 539 Jarnefors, B., Skredet vid Intagan 4r 1648. Under utgivning ... 


Arsbok 49 (1955) 


_N:o 541 Pilava-Podgurski, N., Nya geologiska undersékningar vid Uté jirnmalms- 
falty Hurl apstract. Under: Wigivynitie 49s 5 eps oo ee a 


Ser. Ca. 
N:o 27. Caldenius, C. and Lundstrém, R., The landslide at Surte on the river 
Géta aly.—Special chapters by B. Fellenius and E. Mobrén. With 
5 plates. Under utgivning ...... io) eae? he te Seer ee 
>» 81. Borell, R. och Offerberg, J., Geokronologiska unvdersékningar inom 
Indalsalyens dalging mellan Bergeforsen och Ragunda. Med 6 
Mlanschers bn) summary LOD aa. eee Mec e uns 3,50 
> 37. Gavelin, S. och Kulling, O., Beskrivning till berggrundskarta 6ver 
Vasterbottens lan. Karta i skala 1:400 000, With english summaries. 
Underutgivnin ss pide tides Cle wet Sb ae EO key 


- Distribueras genom Generalstabens Litografiska Anstalt Forlagsexp. 
_Drottninggatan 20, Stockholm 16. 


Craelius 
ARNBORR- 


MASKINER 


Craelius X-2 luftdriven, f6r 100 meters djup. 


Craelius X-4 luftdriven, for spranghaisborrning. 

Craelius XC.33.5 och XC-42 el.-luft- eller kil- 
repsdriven, for djup till 125 meter. 

Craelius XB och XB-2, for djup till 200 meter. 


Vi utfora dven Craelius XF, for djup till 300 meter. 
undersdkningsborr- Craelius XFH, for djup till 300 meter. 
aeiNe an Bele POSS: Craclius. AB-2 och AB-50, for djap sll 350 meter 
borrningar pa kon- } sien i 
Sake Wed eid Craelius XH och XH.-50, for djup till 600 meter. 
Washinersoch er Craelius XL och B-3, for djup till 1200 meter. 
faren personal. Craelius XO-2, for djup till 2000 meter. 


SVENSKA 
DIAMANTBERGBORRNINGS AB 


Stockholm C 
Telefon: 233380 


Kungsgatan 44 
Telegram: Adamante 
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MALM 
FYNDIGHETER 


samt fyndigheter av andra slag 


Vi utfora 


geologisk gravimetrisk 


magnetisk seismisk 


elektrisk prospektering 
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GEOLOGISKA FORENINGENS 


I STOCKHOLM 


FORHANDLINGAR 


BAND 78 HAFTE 3 N:o 486 


Den glaciala utvecklingen inom Sydsvenska héglandets 
vaistra randzon 


III 
Issjéar och isaysmiltning 
With an English summary 
Av 
GUNNAR GILLBERG 


Tryckt med anslag ur Langmanska Kulturfonden 


Inledning 


I sin forsta redogérelse for Viskaundersdkningen upptog professor 
Lennart von Post bland énskvarda specialarbeten dven »en detaljutred- 
ning av landisens forsvinnande fran Sydsvenska héglandets vastra del» 
(von Post 1938). Detta syntes mycket befogat, ty redan av dessa preli- 
mindra resultat framgick, att isavsmaltningen inom 4tminstone Viska- 
omradet torde ha varit starkt avvikande fran omgivande trakters och 
fran hittills vedertagna uppfattningar dérom. Det var frimst den mar- 
kerade anomalien i MG:s forlopp som foranledde detta antagande. von 
Post ansag sig t. 0. m. pa grundval harav kunna konstatera icke blott 
on kraftigt retarderad isrecession utan dven att en restis troligen hade 
wskilts fran den egentliga landisen. 

Da jag sommaren 1941 forsta gangen deltog i Viskaarbetena, foreslog 
nig von Post denna uppgift. Som ett lampligt omrade for en forunder- 
Okning av dessa forhallanden ansag han Frisjédalen vara. Under tidi- 
rare Viskasomrar hade tydliga iss] 6strandlinjer och markerade issj6- 
Bopp upptackts dar. Som forsta led i hela denna undersékning kan 
lirfor min avhandling om Frisjéomradets issjéar betraktas (Gillberg 
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1945). Som senare framgatt, borde emellertid detta omrade icke ha 
varit utgangspunkten fér denna utredning. De flesta darvarande issj6- 
stadier ha icke varit fristaende utan ingatt i mer omfattande system. 
Den utveckling rérande issjéarna och isavsmiltningen, som denna for- 
undersékning tycktes pavisa, avviker darfor 1 manga hanseenden fran 
den som nu kan framlaggas efter mer ingaende och vidstrackta falt- 
arbeten. De bada viktigaste resultaten i denna férsta avhandling — 
att vid den sista landisens férsvinnande fran Sydsvenska héglandets 
viistra randzon en mindre restis avskilts inom Viskadalens uppland 
samt att flera diskontinuiteter i landhéjningen intraffat — ha dock till 
fullo bekraftats. 

Av Frisjéundersékningen framgick emellertid klart, att en fortsatt 
detaljerad utredning av dessa forhallanden var befogad. Somrarna 1943 
—_45 forlades faltarbetena till Viskadalen och dess narmaste sidodalar. 
Férutom i mindre detaljer rérande issj6arnas utbredning och omfatt- 
ning ha de resultat, som framgick dirav (Gillberg 1948), sedan visat 
sig si entydiga, att de kunnat anviéndas som en stomme for den fort- 
satta och avslutande undersékningen. Ifraga om isavsmaltningens och 
landhéjningens férlopp kan denna redogorelse t. 0. m. i princip betrak- 
tas som en fdrelépande sammanfattning av den avhandling, som nu 
framlagges. Endast den preliminiira, relativa datering, som da gjordes 
och som var baserad pa von Posts uppfattning dérom (1938, 1947), har 
icke kunnat uppratthallas (jfr Gillberg 1952). 

Undersékningen inom det egentliga héglandet pabérjades sommaren 
1946 och avslutades sommaren 1950. Pa grund av faltarbeten 1 Varm- 
land och andra trakter av Vastsverige kunde dock endast ett par vec- 
kor av somrarna 1947 och 1948 disponeras for denna. Bearbetningen 
av materialet och utarbetandet av avhandlingen har tyvarr pa grund 
av kravande foérvarvsarbete sedan 1944 endast kunnat fortskrida 1 
mycket langsam takt. 

Faltarbetena ha omfattat dels en allmin éversiktskartering, dels ett 
detaljutredande av de former och bildningar, som sérskilt kunna bi- 
draga till forstaelsen av isavsmaltningen. Bland huvudproblemen har 
i forsta hand issj6utvecklingen statt, varfor upptagandet av profiler och 
avviagandet av strandlinjer blivit det mest tidsédande arbetet. Aven 
landhdjningens férlopp har daérigenom kommit att behandlas. Bland de 
glacigena formelement, som i synnerhet beaktats, kan némnas lateral- 
skval, iss}6sediment samt moran- och glacifluviala bildningar av stérre 
omfattning och mer speciell byggnad. Pa grundval av dessa foreteelsers 
utbredning och utbildning har i gérligaste man avsmaltningens forlopp 
i sin helhet samt isens och israndens reaktioner vid skilda tillfallen in- 
satts i sitt glaciologiska sammanhang. Vissa intressanta detaljproblem, 
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som egentlgen legat utanfér huvudundersékningen, ha ocksa upptagits 
till behandling. 

Fran bérjan skulle avhandlingen bildat en enda enhet. Framst pa 
grund av allt for stora kostnader i samband med tryckning och klichéring 
har den emellertid uppdelats i tre delar, vilka var fér sig utgér ett av- 
slutat parti men med gemensam huvudtitel. Férsta delen behandlar 
glacialerosionen och moradnackumulationen och ar publicerad i GFF 
Bd 77, H. 4. Den ar mer fristaende fran de Ovriga men férsta kapitlet 
— om terrangforhallandena — har dock viss betydelse dven for de 
foljande redogérelserna. Andra delen behandlar sista avsmdaltnings- 
tidens glacigena ackumulationsformer och ar publicerad i QFF Bd 78, 
H. 2. Tredje delen behandlar sarskilt issj6arna samt resultaten om 
isavsmaltningens och landhéjningens forlopp. 

Kkonomiska bidrag till faltarbetena ha erhallits ur Liljevalchs J:r 
och Gerard De Geers stipendiefonder vid Stockholms Hogskola. For 
tryckningen har anslag beviljats av Langmanska Kulturfonden i Upp- 
sala. Till bada institutionerna far jag harmed framféra mitt tack, lik- 
som ocksa till Geologiska Féreningen i Stockholm fér intagandet av 
avhandlingen i sina Férhandlingar. Sarskilt redaktoren, f. d. stats- 
geologen, fil. dr. Ragnar Sandegren har nedlagt stort arbete. 

Bland enskilda som pa olika satt bidragit till denna underséknings 
genomférande, star min tacksamhet i forsta hand till min hésten 1952 
avlidna moder samt framlidne professor Lennart von Post. Utan hen- 
nes i alla skeden och i allt djupt géende uppoffringar skulle varken 
fortsatta studier kunnat bedrivas eller denna avhandling kommit till 
stand. Professor von Post har sarskilt for studiernas utveckling och det 
vetenskapliga arbetet varit den drivande kraften. Hans intensiva och 
givande handledning i falt och under bearbetningen samt dagliga in- 
tresse och diskussioner av skilda problem kan icke nog framhiivas. 
Aven Geologiska Institutets nye chef, professor Ivar Hessland, vill jag 
tacka for stort intresse under de sista arens arbeten. I faltarbetena har 
nastan samtliga somrar min van, apotekare Olle Wallén, deltagit. Hans 
stora intresse och uppoffrande slit vid ratt och i terrang har varit av 
den stérsta betydelse. Bland manga, som genom givande diskussioner 
var och en bidragit till forstaelsen av och med uppslag till losandet av 
skilda fragor, ma sarskilt némnas docenterna Erik Nilsson, Carl Cal- 
denius och Carl-Gosta Wenner. Vid utarbetandet av diagram och kar- 
tor har fil. lic. Jiiri Martna 1 manga avseenden varit till stor hjalp. 
Kartredaktor, fil. dr. Magnus Lundqvist ma sarskilt naémnas for allt 
intresse och alla papekanden rérande planscher och figurer. Lektor, 
fil. dr Hilding Back och fil. dr R. Reyment ha granskat den engelska 
bexten. Till alla far jag harmed framfoéra mitt tack. 
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Foto forf, 


Fig. 4. Kort, slukhalsartad blockfors, utbildad som avlopp fran en marginalsjé. Den 
senares strandlinje skymtar upp till héger. Savshult (20). 

Short subglacial boulder-chute, developed as an outlet of a temporary marginal ice-lake. 

The shore terrace of the latter is indistinctly visible in the top right-hand corner. Sdvshult (20). 


gelbundna, starkt blockspolade ryggar uppstatt. Vid hastigt paseende 
tycks man sta infér nagon typ av dédismorén. Efter ndrmare studium 
ar dock tydligt, att denna utbildningsform uppkommit genom erosion 
och icke ackumulation (jfr Mannerfelt 1945, s. 125). 

I vertikalled ha skval patraffats pa alla nivaer mellan MG och de 
hégsta topparna (Gillberg 1948, s. 452). Nagon koncentrering till vissa 
héjdzoner ar icke markbar men férutom slukrannor dro de relativt sall- 
synta i det senare liget. Endast utmed Savedalen forekomma de all- 
miint vid MG. Topografiskt aro de fraémst bundna till utskjutande delar 
av dalsidorna, oftast de mer distala (jfr G. Frodin 1925, s. 163, Manner- 
felt 1945, s. 213, Gillberg 1948, s. 452). Nagon anhopning pa solsidor 
(G. Frodin 1925, s. 147, Lundqvist 1935, s. 295, jfr aven Visser 1928) 
dr icke markbar utan skvalen dro relativt jémnt fordelade pa de olika 
dalsluttningarna (jfr Mannerfelt 1945, s. 213 samt aven Tarr 1908, 
1909, von Engeln 1911). 

Den regionala férdelningen ar férhallandevis ojamn (fig. 5) men nagra 
sirdrag dro tydligt urskiljbara. Flertalet lateralskval forekomma sa- 
lunda utmed de markerade dalstraken. Pa héjdplatéerna ha blott en- 
staka patraffats, och de flesta av dem aro ocksa bundna till dalsainkor. 
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Fig. 5. Lateralskval och issjéavlopp. 
Features of marginal drainage and outlets of glacial lakes. 
For publicering godkand i rikets allmainna kartverk den 8 augusti 1956. 
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For det andra marks en tydlig koncentrering till tva delomraden, ném- 
ligen dels dar Higga—Viska—Halsjédalarna trangs samman och efter 
att ha varit breda marina dalplan 6verga i smala, brantare, rent glaci- 
gena strak, dels inom nordomradets mot N svagt sluttande hojdplataer 
och grunda dalgangar NW om Ulricehamn. Detta har ett tydligt sam- 
band med utvecklingen under avsmaltningen. Inom de forra partierna 
kvarlago de sista isresterna, inom det senare omradet agde avskiljan- 
det av den sydliga ismassan rum. Denna senare hindelse aterspeglas 
aven i riktningen pa vissa skval. Ett flertal sadana luta mot N, d. v. s. 
relativt snart efter isolerandet fick aéven restisen en mot den nya nord- 
randen svagt lutande yta. Alla évriga skval ha déremot en mer eller 
mindre sydlig riktning. Pa grund av terrangforhallandena kunna dock 
avvikelserna darifran bli sa stora, att de ga nastan rakt mot E eller W. 

Lateralskvalens utbredning, typer och forlopp kunna utoéver redan 
diskuterade slutsatser ge féljande upplysningar om isavsmaltningen. 

1) Lateralt smaltvatten, vare sig i form av kantuppdamningar eller 
isilvar, synes icke kunna upptrada ovan firngransen (Visser 1928, s. 183, 
Ahlmann 1935 a, s. 184, 1944, s. 649). Eftersom spar dérav forekomma 
anda upp till de hégsta topparna, maste ismassan redan da dessa fram- 
smilte ha legat under denna niva. Den var salunda tidigt klimatologiskt 
déd och behirskades av ablation. Daremot torde endast i undantagsfall 
eller mot slutet av utvecklingen verkligt dynamiskt déda ispartier 
funnits. Lateral dranering kan naéimligen icke allmant aga rum i en full- 
standigt stagnerad ismassa. Sprickor och klyftor sta 1 denna vanligen 
éppna, och smialtvattnet avrinner en-subglacialt (Tarr 1909, s. 66, von 
Engeln 1911, s. 146, Flint 1930 a, s. 629, von Klebelsberg 1939, s. 41, 
Woldstedt 1939, Mannerfelt 1945, s. 16). 

2) Eftersom lateralskval oméjligen kunna upptrada nedanfér MG, ut- 
gora de ett av de basta kriterierna pa denna niva (Tanner 1915, s. 582, 
645, 1930, s. 15, Lundqvist 1933, s. 520, Halden 1936, s. 54, von Post 
1943, s. 7, 1948, s. 204, Gillberg 1948, s. 453, 1952, s. 76). Manga ganger 
aro dock sadana icke utbildade anda ned till havsytan utan sluta pa 
hégre nivaer. 

3) Da lateralskval 6verallt forekomma mellan olika issjénivaer samt 
anda ned till MG eller de lagsta issjéytorna, maste is hela tiden ha upp- 
tagit dalstraken, Avsmiltningen har sélunda skett genom kontinuerlig 
uttunning, och issjéarna ha merendels varit marginala (Gillberg 1956). 
Genom att manga skval varit avlopp for issjéar — ofta ned till ligre be- 


lagna sidana — kunna de ange rums- och tidsférhallandena dem emel- . 


lan (Gillberg 1948, s. 453). 


4) Som vid flera tillfallen diskuterats, kunna lateralskvalen anvin- 


das fér en uppskattning av isytans lutning (Tanner 1915, 1928, s. 16, 
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1934, s. 14, Holmsen 1918, G. Frédin 1925, s. 153, White 1932, Manner- 
felt 1945, 1949). Blott de stringt laterala formerna synas emellertid ge 
mer tillférlitliga varden. Ovriga typer aro mer eller mindre uteslutna, 
da de antingen bildats utanfér iskanten, subglacialt eller sublateralt. 
For undersdkningsomradets del kan denna fraga knappast besvaras, da 
endast tva stringt laterala skval férekomma, och de erhallna virdena 
dessutom dro relativt olika (0,4 resp. 1,25: 100). Forsiktigtvis torde 
man endast kunna anta, att isytans lutning inom de centralare delarna 
sannolikt icke éverstigit 1: 100 (jfr Nansen 1890, G. Froédin 1915, 
s. 146, 1925, s. 154, White 1932, Meinardus 1934, Lobeck 1939, s. 287, 
Mannerfelt 1945, s. 142, 214, 1949, s. 198). . 

Issjéavlopp. Flertalet fran andra omraden beskrivna 188] 6- 
avlopp aro betingade av passpunkter i terrangen (t. ex. Rich 1908, Sj6- 
gren 1909, Gavelin 1910, A. G. Hégbom 1910, Munthe 1910, G. Frédin 
1913, 1914, J. Frédin 1914, Holmsen 1915, Leverett-Taylor 1915, 
Waters 1933, Flint 1935, 1947, s. 163, 253, Nilsson 1937, 1939, 1942, 
1953, Bjornsson 1940). Manga ganger synas t. o. m. issjéarnas fore- 

_ komst och utbredning helt baserats pa upptridandet av sidana marke- 
rade, ofta torrlagda och inkonsekvent forlépande avloppsdalar. Flera 
issj6stadier torde darigenom férbigatts pa grund av att inga tydliga 
spar av passpunktserosion observerats. Sarskilt kan detta ha varit fallet, 
da endast ett fatal meters nivaskillnad forelegat mellan olika issjéar, 

_och dessa darfor knappast kunna betingats av skilda avlopp. 

Pa Groénland och Island forekommande sma issj6ar avtappas emeller- 
tid en-subglacialt (Koch-Wegener 1912, Thorarinsson 1939). Detta sker 
ndstan arligen, och darefter fylles issj6n ifraga anyo upp till den forra 
nivan. Sadana intermittenta och delvis katastrofala tappningar ha 
sikerligen ofta agt rum aven fran avsmialtningstidens issjéar. I syn- 
nerhet borde detta varit vanligt vid marginala kantuppdémningar, fér 
vilka isen sjailv fungerade som passtréskel. Endast i undantagsfall har 
emellertid lateral eller subglacial drainering diskuterats (Sjégren 1909, 
s. 180, Gavelin 1910, s. 21, G. Frédin 1915, Halden 1936, s. 27). 

Inom undersékningsomradet synas de flesta issjOar haft laterala eller 
subglaciala avlopp. Manga, kanske flertalet lateralskval torde salunda 
ha uppkommit vid dylika tappningar (jfr ovan). Nar de utbildats inom 
sjalva issj6omradet, ga de, oftast 1 form av blockforsar, vanligen i vin- 
_kel fran strandplanet (jfr fig. 4); ha de utvecklats vid sjilva dimmet, 
kan ibland — sannolikt genom bakatskridande erosion — en kortare 
ranna ha utformats i strandplanets laingsriktning (fig. 6). I manga 
fall upptrada dylika skval pa flera stallen fran samma issj6niva. 
Detta visar sakerligen, att intermittenta sinkningar forsiggatt flera 

-ganger, och att smaltvatten anyo fyllt de marginala rummen, innan 
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Foto forf. 


Fig. 6. Issjoterrass med en pa planet nederoderad ranna. Den senare fortsitter som en 
subglacial blockfors, vars borjan skymtar i bakgrunden. Skanstad, NW om Dannike 
kyrka. 

Shore terrace of a temporary glacial lake, the drainage of which has taken place through a 
subglacial boulder-chuie. The latter, which is seen in the background, begins as a shallow chan- 
nel in the shore plane. Skdnstad, NW of Dannike Church. 


isytan genom uttunningen intagit en lagre niva och dérmed ett nytt 
issjéstadium uppstatt. Men det framhaver troligen ocksa, att issj6arna 
kanske icke alltid varit sé sammanhingande som synes framga av 
diagramframstallningarna utan att de varit uppdelade i flera mer eller 
mindre fristaende partier pa samma h6jd. 

Verkligt markerade och skarpt framtriidande avlopp eller sadana som 
betingats av passpunkter i terriéngen saknas icke helt. Bland dem for- 
tjina foljande en nérmare beskrivning. 


1) Utmed Nossadalens viastra sida finns ett helt system av vastligt 
riktade rannor. Eftersom de mot N utga fran allt lagre nivaer, kunna 
de uppfattas som terraéngbetingade passpunktsavlopp, trots att de bérja 
pa relativt plan mark. Samtliga rénnor éro nedskurna i moran, och sar- 
skilt i bottnen aro de starkt blockiga och steniga. Aven vid utgaendet 
dr mordnen barspolad och évergar successivt i rénnorna medelst rela- 
tivt flacka blockforsar. Dessa partier kunna mdjligen vara subglaciala 
och uppstatt genom bakatskridande erosion. I é6vrigt ha réannorna ut- 
bildats i fritt alvlopp. Nagra ackumulationer vid mynningarna i vast- 
ligare belagna issjéar ha icke patraffats. 

De sydligaste rénnorna ligga S om Ljung och utgéras av fyra, mer 
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Foto forf. 


Fig. 7. Extralateral avloppsranna. Ljung (2). 
Extralateral outlet-channel. Liung (2). 


flacka och korta sadana (1) samt en nagot langre och djupare (2) (fig. 7). 
Féljande fyra rannor aro beligna mellan Lyckemad och Bjorke (3). 
Barspolning och antydan till nedskaérning i moranen ar markbar anda 
fram till Nossadalen. Nara norra dalspetsen finnas vid Trollebo (4) tre 
blockiga rannor, som borja direkt fran issj6terrasserna och darfor san- 
nolikt dro delvis laterala. Den sista rénnan ligger vid Bergagirde (5) 
och mynnar vid MG. 


2) Omradets vackraste och mest framtridande avloppssystem fore- 
kommer pa tre utskjutande moranhdéjder pa sédra sidan av Varnums- 
dalen. Vastligast finnas vid Bondarp sex markerade, delvis anastome- 
rande rannor (10) (Sandegren 1918). Den éversta ar 6vervigande en 
ensidig skvalterrass, de fem 6vriga utgéras av anda till 30 m djupa, 
sdrskilt 1 bottnen blockiga raénnor (fig. 8). Samtliga bérja med allman 
barspolning av moranen men betingas delvis aven av bergstrésklar. Pa 
flera stallen i rannorna har berggrunden nederoderats, sa att ett par m 
hoéga fall utbildats. Denna kraftiga erosion beror sannolikt pa dels att 
ursprungliga sprickzoner funnits (Sandegren 1918, s. 511), dels att 
dessa avlopp varit i bruk relativt lang tid och avbérdat vatten fran 
flera stadier. Atminstone de nedersta delarna torde vara subglaciala. 
Mynningarna dro tvara, och icke heller har forekomma nagra acku- 
mulationer. 

Pa grund av terringférhallandena uppdelades issjésystemet 1 Toarps- 
dalen si smaningom i en vastlig resp. dstlig del. Den senare fick forst 
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Foto forf. 


Fig. 8. Den fjarde ay de laterala-subglaciala avloppsriinnorna vid Bondarp (10). 
The fourth lateral-subglacial outlet-channel at Bondarp (10). 


avlopp 6ver mordntréskeln W om Falskog, dir en tydlig ehuru ej sa 
djup ranna utskurits (11) (Sandegren 1918, s. 518). De sista dststadierna 
avrunno mot N utefter héjdpartiet N om Rangedala kyrka (12). Korta 
rannor och blockforsar samt mot Finnekumla allman barspolning ut- 
marka dessa avlopp. Vid deras mynningar ha korta slukasar utbildats 
(Gillberg 1956). 

Det tredje avloppssystemet ligger pa dalsluttningen EK om Mellsjén 
(13). Pa grund av terriéngens branthet ha emellertid rénnor utskurits 
endast vid évergangen till dalbottnen. I 6vrigt ar mordnsluttningen ett 
rent blockkaos av dels frispolat, dels ditfért material. Nastan strang- 
formade anhopningar av block férekomma. Sannolikt ha bade kon- 
tinuerlig avvattning och katastrofala tappningar agt rum. Om detta 
skett lateralt eller subglacialt ar svart att avgéra, da inga distinkta 
former utbildats. 


3) Fran St. Halsjébassiingen utga mot SW ned till Barredsjén tva 
smala sprickdalar. Vid deras sydande har ett markerat, dvervigande 
passpunktsbetingat avloppsomrade uteroderats av vatten fran issjéar 
N harom (27) (Gillberg 1948, s. 468). De aldsta formerna utgéras av 
flera skval lings vastra dalsidan, av vilka det mest framtriidande ar en 
relativt grund men starkt blockig rénna med ett kort fall vid distal- 
anden. Da detta avlopp bérjade anvandas, kvarlag allts4 is och fram- 
tvingade lateral drinering. Sedan den bortsmalt, kunde erosionen satta 
in pa sjélva dalbottnen. Dar har ett mycket sammantringt men kraf- 
tigt vattenpaverkat fallkomplex utbildats med flera korta, kanjon- 
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Fig. 9. Fri avloppsranna vid Axelsas (9). Foto férf. 
Outlet-channel at Axelsds (9). 


artade forspartier. Nedanfor vart och ett av dem férekomma kolk- 
-mossar, och vid yttre mynningen har ett mindre issjédelta uppbyggts 
(Gillberg 1956). 

4) Strax 8 om Rydboholm (18) har ett liknande, av moran och bergs- 
trésklar betingat fallomrade uppkommit pa Viskadalens éstra sida. 
Aven har har is tilltappt sjdlva dalen, s4 att avloppsvattnet maste 
pressats fram extralateralt. Tre, 20—30 m breda, blockiga réinnor ha 
uteroderats, och dessutom upptraida tva déda fall. Bade kolkmossar 
och ett mindre delta vid yttre mynningen dro utbildade. 


5) Ovriga mer anmarkningsvarda avlopp dro enhetligare till formen 
men de representera mycket skilda typer. 

Pa nordsluttningen av drumlinen vid Eriksberg har en mot NW rik- 
tad, grund och blockig rénna utskurits av issj6vatten fran E (6). Den 
ar delvis passpunktsbetingad men har sakerligen borjat lateralt eller 
subglacialt. En likartad men nagot slingrande och éver 20 m bred 
rdnna leder fran sj6n Grosken mot S ned till lagsta issjéplanet vid Axels- 
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as (9) (fig. 9). Den ar passpunktsanlagd och har i hela sin langd utfor- 
nee i fritt alviopp. NE om Kinnarumma kyrka har pa Haggadalens 
dstra sida vatten fran issjéar inom Frisj6omradet utskurit en markerad 
ranna med korta blockforsar (33) (Gillberg 1945, s. 459). Isen lag san- 
nolikt mycket nara dalsluttningen, och dessutom torde detta avlopp 
varit i bruk en lingre tid. Lateralerosionen har naémligen verkat sa 
kraftigt, att ett par m hdga langsryggar utbildats ut mot dalen (jfr 
Logan 1945). Vid rénnans mynning, som utgdres av en barspolad 
brant, har vattnet avrunnit englacialt. Bland 6vriga avloppsrannor kan 
ocksé néimnas en pa sluttningen S om Torestorp kyrka (40). Den ar 
proximalt mycket smal fér att sedan tillta i bredd mot mynningen. 
Overvagande ar den utskuren i morin men berget har blottlagts pa en 
kort striicka. Den avslutas med blockforsar ned till en lagre issjéyta 
men kraftig barspolning ar markbar langt nedanfér denna. 

Vid Iglaholmen § om sjén Sandsken forekomma pa éstra dalsidan 
ett par moranblockforsar (8) (jfr fig. 4). Avloppet har borjat som all- 
man oversilning men sedan snabbt koncentrerats till vissa punkter. 
Terrangen mellan och omkring fallen dr till stor del ett blockkaos. Ne- 
danfor mynningarna finnas sma grus-sandackumulationer. Vid Halsaryd 
S om Dalsjéfors bérjar dérvarande avlopp som en delvis mot berg ut- 
skuren, ensidig skvalterrass mot SW (23). Det fortsitter med ett mar- 
kerat, 7 m hogt fall ned till en kolkmosse, varefter en blockig, nagot 
slingrande forsraénna vidtar mot E. Vid dess mynning ligger en torv- 
mark med gol. Denna synes dock icke vara ett nytt kolkomrade, ty 
den blott en halvmeter dirunder liggande botten bestar av block och 
grus. Narmast torde detta parti vara en deltabildning med Gvyersil- 
ningstorv. Vid Rosendal i Haggadalens inre del ar ocksa ett av korta, 
flacka rannor och branta blockforsar utbildat avloppsomrade belaget 
(19). De upphora alla mycket tvart, och vattnet torde salunda forst ha 
runnit extralateralt sedan englacialt. 

Pa Halsjédalens branta nordsida EK om Hyssna har ett helt system 
av olika avlopp utformats (24—25) (Gillberg 1948). Langst i W finnas 
endast sublaterala skval. Vid Backa ha issjéarna avrunnit extra- 
lateralt over skilda bergstrésklar, si att fyra korta fall och kanjons 
uppstatt. De utmynna vid lagre issjéterrasser, och pa en lokal har i 
skyddat lage ett mindre delta avsatts (Gillberg 1956). Vid sjéns vast- 
ande framgar en delvis i Hyssnadeltat nedskuren extralateral rinna 
(jfr ovan). Lingre mot E férekommer en brant forsranna, som tvart 
dyker ned for sluttningen men upphir efter blott ett par m i form av 
en stérre blockanhopning. Detta fall torde vara en slukhalsbildning. | 
An ostligare finnas tre korta, rakt ned mot sjon (MG) riktade block-_ 
forsar, som nérmast dro passpunktsbetingade. 
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Foto forf. 


Fig. 10. Av subglacialt issjéavlopp barspolad moransluttning. W om Brunns kyrka (15). 
Valley slope composed of till, where all finer material has been washed away and the boulders 
have been exposed by a subglacial outlet of a temporary glacial lake. W of Brunn Church (16). 


Fran Surtadalen har ned till Lygnern 6ver passet vid Edared flera 
issjOar avrunnit (36) (Gillberg 1948, s. 448, 473). De dvre avloppen aro 
ensidiga skval, som avslutas med allman é6verspolning. Endast en kort 
stricka torde salunda vattnet flutit lateralt for att sedan framga sub- 
glacialt. Nar isen frilagt sjalva passet, utbildades en verklig rénna, del- 
vis kanjonartad och med blockforsar. Vid mynningen har proximalt 
grovt material ackumulerats i sprickor, distalt Tostaredsdeltat upp- 
byggts (Gillberg 1956). 

Pa sluttningen S om sjén Sandsken har lings med i dalen liggande is 
ett markerat fallomrade uteroderats (7). Det bérjar med tva kanjon- 
rannor, som efter blott ett tiotal m tvart upphora. Branten nedanfoér 
ar kraftigt spolad men blockforsar och fall upptraida foérst nere vid 
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Stensjén. Vattnet har salunda férst runnit (extra)lateralt sedan sub- 
glacialt men endast mot bottnen av branten har en viss koncentrering 
kommit till stand. 

Det sista exemplet pa issjéavlopp ar fran den branta nordsidan av 
hdjdomradet mellan sjéarna Tolken och Asunden (15). Vattnet har ay- 
runnit mot E och synbarligen i sin helhet subglacialt. Inga raénnor eller 
forsar forekomma utan moradnen ar inom en héjdzon av éver 20 m 
enbart barspolad (fig. 10). 

Strandlinjer. Eftersom forekommande strandlinjer ge upplys- 
ning om forna issjéar eller havsnivaer och darmed ocksa om isavsmialt- 
ningens och landhdjningens forlopp, ar bland de viktigaste problemen 
icke blott varje forms uppkomst utan dven 1 vilken relation den statt 
till ifragavarande vattenyta. For att sa invandningsfritt som modjligt 
kunna faststélla issjoarnas utbredning samt de skilda isobasytornas 
gradienter maste strandlinjemétningarna ske med stérsta noggrannhet. 

Genom att omradet har sa starkt bruten relief, har det varit néd- 
vandigt att uppta ett mycket stort antal profiler. De uppga till icke 
mindre du 1 968 st.1 I allmanhet ha de forlagts med ett mellanrum av 
ungefar 400—600 m men dar sa synts erforderligt, har en fortaétning 
gjorts. Minst tva profiler ha uppmatts pa varje hojdplatas hégsta de- 
lar. Likasa ha alltid sadana partier besdkts, dir avlopp varit mdjliga, 
t. ex. utskjutande delar av dalsidorna eller terringbetingade pass- 
omraden. Issj6arnas utbredning och omfattning samt atminstone fler- 
talet avlopp torde darfér vara relativt val kanda. 

For att kunna konstruera siikra gradienter fordras att strandlinje- 
matningarna aro sa exakta och felmarginalen sa ringa som mdjligt. Det 
hade darfor varit énskvart, att alla m&tningar hade utforts med tub- 
nivellering (jfr Tanner 1930, s. 34, von Post 1938, s. 440). Da antalet 
profiler ar sa stort, hade detta emellertid kommit att utstracka falt- 
arbetena dver alltfor lang tid. Jag har darfér i stallet 6vervagande an- 
vant aneroidbarometer. Samtliga profiler ha férst uppmatts med detta 
instrument. Direfter ha provisoriska diagram uppgjorts, sa att de skil- 
da issjéytornas omfattning och gradienter nagorlunda klart framtratt. 
Delvis pa grundval av dem ha sedan de profiler utvalts, vilka borde 
tubnivelleras. Tva, ibland tre férhallanden ha darvid varit utslags- 
givande. I forsta hand ha sidana avvagningslinjer kommit ifraga, vilka 
iro belagna nara issjéarnas 4ndpunkter samt nagra inom deras cen- 
tralare delar. Dessa tubvarden ha sedan anvants som baspunkter vid 
gradientkonstrueringen. Fér det andra ha sadana profiler valts, langs 


vilka strandlinjerna aro klart framtrédande och val utvecklade. I gér- | 


I verkligheten ar antalet ainnu stirre, ty sddana lings vilka inga issjOstrandlinjer 
ha patraffats, ha icke inréknats i denna nummerserie. 
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ligaste man ha dessutom nérheten till fixpunkter eller andra tub- 
avvagda lokaler varit avgérande fér att om mojligt nedbringa matnings- 
tiden. 

Da barometerns tillférlitlighet och de genom denna metod erhallna 
virdenas exakthet i manga fall ifragasattas, ar det nodvandigt att 
narmare diskutera tillvigagangssittet vid dessa bestémningar (jfr 
Gillberg 1945, s. 442, 1948, s. 453, 1952, s. 83). Detta sa mycket mer 
som jag delvis har en avvikande uppfattning mot tidigare beskrivningar 
av denna metod och dess tillimpningar (t. ex. Santesson 1931). For 
att nedbringa osiakerheten och felkillorna till minsta omfattning, anser 
jag tre synpunkter vara att beakta. 

For det forsta maste matinstrumentet icke blott vara fullt justerat 
utan dven sa noggrant som mojligt kiént av anvdndaren. Varje baro- 
meter synes namligen ofta ha sina egenheter. Dessa framga givetvis s& 
smaningom men for att om mojligt tidigt kunna undvika darav bero- 
ende felmatningar, ar det mycket lampligt att fore faltarbetenas pa- 
bérjande géra kontrollavvagningar av kinda héjdpunkter och under 
olika vaderleksférhallanden. Dessutom bér(a) samma instrument an- 
vandas under en och samma undersékning. Bl. a. ar att beakta, att ett 
visst troghetsmoment alltid synes foreligga. Vid snabb forflyttning ned- 
for en sluttning kan salunda férst efter en stund full installning erhallas. 
Flera matningar med full arretering emellan maste alltid géras. 

Betraffande vaderlekens betydelse kan féljande framhallas. En jamn- 
mulen, lugn dag synes utmarkas av de minsta lufttrycksférandringarna. 
Aven vid konstant regn aro férhallandena likartade. Under klara, var- 
ma dagar upptrada alltid tryckvariationer, dels vid ungefar den he- 
taste tiden (mellan kl. 1314), dels vid évergangen till kvall (omkring 
kl. 18). Under starkt blasiga dagar samt vid askvader aro barometer- 
avvagningar fullstandigt omédjliga. Tryckforindringar ske da alltfor 
ofta och aro alltfor lokala. Varmeforhallandena fro sdlunda nagot av- 
gorande (jfr Santesson 1931) men variationsbetydelsen synes i regel 
vara sa ringa och sa latt iakttagbar, att en uppmatning av temperaturen 
vid varje bestémning knappast ar nodviandig. 

For att fa en viss kontroll pa tryckfordéndringarna har anvindandet 
av barograf ansetts lampligt (Santesson 1931). Den skulle da vara pla- 
cerad i huvudkvarteret. Jag har emellertid helt uteslutit detta instru- 
ment, ty inom resp. arbetsomrade kanske flera mil darifran kunna 
tryckforhallandena vara betydligt annorlunda. Framfor allt galler detta 
inom starkt bruten terraéng, dar sadana foradndringar ofta dro mycket 
tillfalliga eller lokala. For att i gérligaste man eliminera denna fel- 

-kalla, har i stallet foljande tillvigagangssatt visat sig lampligt. Redan 
bestéimda héjdpunkter ha avvagts sa ofta som mdjligt. Detta betyder 


378 GUNNAR GILLBERG [Maj—Okt. 1956 


icke blott att en kontroll alltid skett, da sadana patraffats utan aven 
att hégst 2—3 timmar fatt forflyta mellan tva dylika bestaémningar. 
Anvindbara kontrollvarden ha frimst varit de 1 terréngen utmarkta 
fixarna men ocksa de nivellerade punkter, som anges med en decimal. 
Dessa senare dro namligen i regel upptagna pa lokaler, dar hojddif- 
ferenserna dro sma eller deras placering latt kan fastslas. Sjoarnas hojd- 
siffror ha kunnat anvandas men foérst efter kontroll genom tubnivelle- 
ring eller att inga vattenstandsfordndringar agt rum. Likasa ha egna 
tubbestamda punkter tagits till hjalp forutsatt att de tydligt utmarkts. 
Pa kartan angivna barometersiffror ha déremot visat sig mycket osdkra. 
Manga dro visserligen justa eller uppvisa endast en differens pa nagon 
m men ett relativt stort antal dro fullstandigt felaktiga. 

Pa detta satt ha barometeravvigningarna kommit att uppdelas i 
mindre grupper mellan varje kontroll. Lufttrycksforandringar aro dir- 
igenom mycket lattare synliga, och justeringar behdva icke goras for 
hela arbetsperioden utan blott for mindre delpartier. Genom att dess- 
utom alla profiler alltid borjats och avslutats vid samma punkt, ha de 
instaéngts inom mycket sniiva grinser. Om méjligt ha de aven dubbel- 
avvagts, d. v. s. 1 bade upp- och nedstigande serie (jfr Tanner 1930, 
s. 34). Vanligen ha darvid skilda vagar valts, och i regel minst tva, ofta 
flera bestémningar gjorts pa samma strandlinje. Av de sa erhallna var- 
dena ha medeltal utraiknats, vilka reducerats till hel- och halvmeter. 
Fullstaéndigheten har pa detta satt blivit mycket stérre. Lings en pro- 
fil kunna ibland vissa strandnivaer saknas eller vara diffust utbildade. 
50—100 m vid sidan om kunna de emellertid patriffas eller vara skarpt 
utformade. Dessutom framtrada bl. a. spolningszonerna och vissa hak 
mycket olika, om man gar uppfér eller nedfér en sluttning. 

Om ovanstaende forsiktighetsatgarder vidtagits, torde verkligen baro- 
meteravvagningar kunna ge mycket tillférlitliga varden (jfr Bergsten 
1943, s. 188). Felmarginalen synes mera sillan uppga till mer an + 1 m 
— 1 manga fall t. 0. m. icke mer an + 1/2 m. Detta har bl. a. kunnat 
konstateras vid de efterfoljande tubmatningarna. Endast enstaka 
punkter i alla dubbelnivellerade profiler ha uppvisat stérre avvikelser. 

Ett fel pa 1/2—1 m kan dock synas stort, sirskilt som flera strand- 
linjeforskare ansett, att det ej bor uppga till mer an c:a 0,2 m (Tanner 
1930, von Post 1938). Men det torde kunna ifragasiittas, om det verk- 
ligen gar att uppna denna precision ens med tubavvagningar. Férutom 
att man alltid maste vara konsekvent i bestimmandet av den forna 
vattenytans lage, foreligger aven ett felmoment i strandlinjernas egen — 
natur. Redan tidigare har jag framhallit, att MG snarast bor upp- 
fattas som en zon och icke som en mer bestiimd linje (Gillberg 1952, 
s. 83). Detta giller emellertid sannolikt samthga strandnivaer. Héjd- 
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vardena béra darfor icke uttryckas annat an med hel- eller halvmeter. 
Detta betyder med andra ord, att barometern i manga fall och inom 
lampliga omraden ar fullt anvandbar och ger tillrackligt sikra bestém- 
ningar. Tubnivelleringar maste dock alltid utféras i stor utstrackning 
for att erhalla baspunkter fér gradientkonstruktionerna.t 

Olika strandnivaer uppdelas vanligen i ackumulations- och erosions- 
strandlinjer (t. ex. Sjégren 1909, Gavelin 1910, G. Frédin 11S de Pre 
din 1914, Holmsen 1915, Halden 1936, Bergsten 1943). Till den forra 
gruppen ha i regel endast hanforts glacifluviala deltaplan samt terras- 
ser och plan av issjésediment. Med strikt genomférd nomenklatur béra 
emellertid ocksa tva andra bildningar innefattas i detta begrepp. 
Strandvallar aro klart ackumulerade element, aven om materialet ur- 
sprungligen uppkommit genom abrasion. Detsamma giiller till erosions- 
terrasserna anslutna yttre ackumulationsplan, vilka utbyggts av los- 
brutet material fran de inre strandpartierna. 

Ingen av dessa former har emellertid inom omradet nagon stérre be- 
tydelse. Strandvallar saknas men det ar knappast forvanansviirt, efter- 
som de flesta issj6arna voro marginala. Varken vagor eller strémmar 
torde dar haft tillracklig kraft att uppkasta verkliga vallar. Som indika- 
torer pa forna vattenytor dro de for évrigt féga tillférlitliga (Tanner 
1930, s. 30, Bergsten 1943, s. 191), ty alltefter exponering, underlagets 
lutning, tillgang pa material motsvaras den egentliga strandnivan an 
av foten, in av toppen, an av nagot parti déremellan. 

Aven yttre ackumulationsterrasser synas saknas, sannolikt beroende 
pa att underlagets lutning vanligen var for stor for att en avsattning 
upp till vattenytan skulle kunna aga rum. Visserligen forekomma i ett 
par fall tydliga ackumulationer nara anslutna till innanfor beligna 
erosionsnivaer (Gillberg 1945, s. 446) men bade av laiget, sammansiitt- 
ningen och skiktningen att déma maste detta material betraktas som 
sekundart nedspolningssediment. Det ligger naimligen ligre an den 
egentliga erosionsstrandens ytterkant, och stratigrafiskt utmirkes det 
av allt grévre kornstorlekar mot ytan. Med abrasionsterrasser for- 
bundna och samtidigt uppkomna ackumulationspartier synas normalt 
ha en mot denna omvand lagerserie (Ahlmann 1914, s. 23). Vid bestaém- 
ningar av fornstrander torde icke heller denna form ange den exakta 
vattenytans lige utan alltid ligga ett par m darunder. Nagon avsatt- 
ning ovan det djup, till vilket vagor och strémmar natt ned, ar knap- 
past tankbar (Ahlmann 1914, s. 18). 

Betraffande évriga issj6sediment, har deras utbredning och morfologi 


 1-For detta andamal sakraste tillvagagangssattet ar givetvis att pa skilda strickor 
tubavvaga olika strandlinjer i horisontalled (von Post 1938). Detta ar dock i regel for 
tidsbdande for att kunna utféras annat 4n pa enstaka, sirskilt markerade eller bety- 


delsefulla nivaer. 
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redan behandlats (Gillberg 1956). Har behéver darfor endast deras be- 
tydelse for uppskattningen av strandens lige diskuteras. I detta sam- 
manhang avser jag emellertid blott priméra och av abrasionen orérda 
ackumulationsytor. De som paverkats av senare ytdestruering hanforas 
till abrasionsnivaerna. Pa grund av denna indelning bortfalla nastan 
samtliga hithérande former. Bade dalfyllnaderna och bottensedimenten 
ha i regel abraderade topplan. Atersta darfor blott de tre glacifluviala 
issj6deltana samt de pa dalsidorna belagna nedspolningssedimenten. De 
forra ligga markant under motsvarande erosionsniva, och de senares 
toppytor motsvara sillan nagon egentlig issjéyta. Aven 1 de fall, da 
klapper, d. v. s. en tydlig strandbildning, avslutar den uppat, under- 
stiger héjden klart de omgivande erosionsstrandlinjernas. 

Ackumulationsnivaernas betydelse ar salunda mycket ringa. Kanske 
mer 4n inom manga andra issj6omraden dominera i stillet de erosiva 
formerna (Gillberg 1945, 1948). Deras utbildning i skilda miljéer kan 
darfor relativt val studeras. 

Som framgick under de forsta faltarbetena, kunde ur morfologisk 
synpunkt flera olika strandlinjeformer urskiljas (Gillberg 1945, s. 445). 
Den indelning som jag sedan genomférde (Gillberg 1948, s. 456), har i 
princip visat sig tillimplig mom hela omradet. En noggrannare dif- 
ferentiering har dock blivit nédvandig, varfér nu féljande typer kunna 
uppstallas (jfr Asklund 1935, s. 22). 


1) Inget strandplan utbildat 
a. 1 lésa jordlager = svallzon 
b. 1 berggrunden = frostspraéngningsniva 


2) Strandplanet smalare an 1 m 
a. utan eller med blott enstaka block = (rena) hak 
b. med blockanrikning i form av blockgérdlar = blockhak 


3) Strandplanet bredare 4n 1 m 
a. 1—10 m brett = smal terrass 
b. 10—25 m brett = medelstor terrass 
c. 25—50 m brett = bred terrass 
d. 6ver 50 m brett = plan 


Som synes utgér detta en kontinuerlig serie fran mer embryonala till 
fullt utbildade strandlinjer. Nastan alla former férekomma oavsett un- 
derlagets beskaffenhet men alltefter dess variation aro nivaernas ut- 
veckling och fordelning mycket olika. 

Da berggrunden sallan ar blottad i stérre omfattning, iiro bergsstrand- 
linjer icke allmanna. Vanligast ar att mindre hillar ing& som delar ay 
moranstrandlinjer, oftast i haket (fig. 11, jfr fig. 21). En viss skillnad 
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Foto forf. 


Fig. 11. Medelstor mordnterrass, utbildad mot frispolad platahill. Baggebol, E om 
Ornungasj6n. 
Medium-sized wave-cut terrace in till. The abrasion has exposed a large rock near the notch. 
Baggebol, E of Lake Ornungasjén. 


foreligger dock, om de ursprungligen varit tackta av moriin eller fran 
bérjan varit blottade. I det forra fallet ha de forst si smaningom fri- 
lagts av abrasionen, och nagon annan inverkan an barspolning dr da 
icke markbar. Nar déremot mordnterrasser utskurits mot fria berg- 
branter, har aven pa dessa en tydlig destruering paborjats i form av mer 
eller mindre kraftig frostsprangning (Gillberg 1945, s. 447, 1948, s. 456). 

De egentliga bergsstrandlinjerna aro av tre typer. I enstaka fall ha 
pa relativt branta sluttningar en smal bergszon barspolats, medan det 
tunna morantacket kvarligger 1 6vrigt. Endast svag antydan till frost- 
sprangning dr synlig. Den vanligaste formen utgéres av tydliga frost- 
spraéngningsnivaer (Gillberg 1948, s. 456, jfr aven Bjérnsson 1940, s. 52). 
Under davarande klimatiska férhallanden voro sikerligen foérutsatt- 
ningarna for en kraftig mekanisk vittring mycket stora, sarskilt i an- 
slutning till issj6ytorna (Gillberg 1955). Da det uppdimda smaltvatt- 
net i regel sinktes etappvis och snabbt intog lagre nivaer, kunna mel- 
lanliggande partier av berggrunden vara nastan helt orérda. Pa vissa 
lokaler framtréda darfor frostspringningsnivaerna mycket skarpt som 
enheter sett. Det exakta liget av strandzonen ar emellertid svar- 
bestambart, dé den mekaniska paverkan aven varit beroende av berg- 
grundens beskaffenhet. Alltefter varierande strykning och stupning ha 
de ursprungliga sprickorna varit riktade pa mycket skilda satt, vari- 
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Foto forf. 


Fig. 12. Bergterrass av arktisk typ. Giisslosa, S om Boras. 
Arctic type of shore terrace in bedrock (shore-ledge). Giisslosa, S of the town of Boras. 


genom frostspraéngningen kommit att verka ibland mer vagratt, ibland 
endast ovanfér vattenytan, ibland ocksa under denna. Dessa strand- 
linjer ha darfor mycket skiftande omfattning i vertikalled (Bjornsson 
1940, s. 52). 

Frostspringning har emellertid synbarligen agt rum icke enbart vid 
strinderna utan 6verallt dir lamplig berggrund funnits. Mycket ofta 
synas darfor frostspringningsnivaer utbildade, vilka icke ha nagon 
motsvarighet inom omgivande moranterrang. Sadana falska strandlinjer 
ha patraffats pa flera lokaler. Pa grund av forekomsten av sadana ha 
om mojligt stérre bergsomraden undvikits vid strandlinjemétningarna. 

Forekommande bergsterrasser (tva lokaler inom issj6omradet, flera 
inom yttre Viskadalens marina terraéng, von Post 1938, s. 439) synas 
ha uppkommit pa liknande sitt som de av Nansen (1922, s. 28) be- 
skrivna arktiska formerna. Sedan ett hak utbildats genom vagornas 
inverkan, har den fortsatta utformningen dvervigande skett genom 
frostspringning (jfr Blytt 1881, Schiotz 1894, s. 17, B. Hégbom 1914, 
s. 294, Rekstad 1915, Vogt 1918, s: 109, Tanner 1930, s. 21, 26, Ask- 
lund 1935, s. 18). Perenn sné har kommit att kvarligga i denna in- 
skérning. Den har sa évergatt till is men omvaxlande téande och Aater- 
frysning ha agt rum.1 Terrasshaket har dirigenom successivt flyttats 


+ Sott vatten synes lampa sig bittre an salt vid denna process, ty évergangen till 
is sker snabbare och dess spriingningsverkan blir dirfér stérre (Schiotz 1894, s. 17, Nan- 
sen 1922, s. 30). 


Foto forf. 


Fig. 13. Smal terrass i glacifluvialt material, utskuren mot kamerygg. Haga, S om Reds- 
lareds kyrka. 
A narrow wave-cut terrace in stratified drift, developed in a kame. Haga, S of Redslared 
Church. 


inat men ocksa fordjupats. Férutom genom primart stark sprickighet 
har denna process underlattats av snett indt—nedat riktad stupning 
(Tanner 1930, s. 21). Det lésbrutna materialet har delvis bortférts av 
éverspolande vagor men en del kvarligger in situ. Pa grund av denna 
utveckling aro de arktiska bergsterrasserna mycket ojémna och slutta 
vanligen snett inat (Vogt 1918, s. 108, Tanner 1930, s. 21) (fig. 12). 
Varken den uppstickande ytterkanten eller det urgrépta haket synas 
motsvara den forna vattenlinjen. 

Foérutom att en lamplig berggrund underlattat denna process, har 
tydligen ett arktiskt klimat varit nédvandigt (Blytt 1881, Vogt 1918, 
s. 113, Nansen 1922, s. 30). Detta har synbarligen varit fallet under 
iss]Otiden samt vid havet under dldre gotiglacial tid. Mot slutet av 
denna period synas daremot de klimatiska betingelserna icke ha varit 
uppfyllda, ty trots mangenstides lamplig berggrund ha inga bergs- 
terrasser utbildats lingre in i den senkvartiéra Viskafjorden. 

De i glacifluviala avlagringar och issj6sediment utskurna strandlin- 
jerna utgdras merendels av tydliga terrasser (Gillberg 1945, s. 446) (fig. 
13). Strandplanen aro mycket jamna och slutta helt obetydligt mot 
ytterkanten. Pa asar, kames samt dal- och bottensediment dro de sallan 
6ver 10 m breda. De senares abraderade toppytor kunna daremot ha 
en bredd av upp till 40 m (Gillberg 1956). Om undulation forekommer 
pa planen, ar det oftast en grund, lingsgaende svacka nara haket (Gill- 
berg 1945, s. 446). Nagon primar foreteelse torde detta knappast vara 
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Foto forf. 


Fig. 14. Planabraderad bred kame. Apelniis, E om Roasjé kyrka. 
Top-abraded, broad kame. Apelnis, E of Roasjé Church. 


utan sadana ha sakerligen uppkommit genom sekundéar inverkan av 
nedsilande regnvatten eller framsipprande grundvatten. En svag ansats 
till jordflytning har salunda agt rum. I enstaka fall bli dessa svackor 
mot mynningarna vid terrassidan allt bredare och djupare, d. v. s. 
bérjan till ravinbildning. Haket ar vanligen kraftigt avrundat, sa att 
planet sakta stiger upp mot den branta brinken. Icke heller detta torde 
vara ett primart drag utan haket har troligen fran bérjan varit mycket 
skarpt. Genom ras har det senare utjiémnats (Gillberg 1945, s. 446). 
Om materialet innehaller sten i stérre mangd, har klapper sporadiskt 
bildats. 


Endast pa langsidorna av branta as- och kamesryggar ha férekom-— 


mande strandlinjer ett annat utseende. Dir aro de mycket svagt ut- 
bildade i form av féga markerade hak. Ibland saknas de t. 0. m. helt. 
Delvis torde detta bero pa att inga braénningar uppstatt, delvis pa att 
ras pa grund av sidornas branthet och materialets disposition att inta 
en viss rasvinkel ideligen intraffat under abrasionen. Denna process har 
darfor mer eller mindre avbrutits, och nagra terrasser ha aldrig kunnat 
fullbordas. 

Nar asar och kames legat nagon eller hégst ett par m under en viss 
issj6yta, har abrasionen alltefter deras primara form verkat pa olika 
sdtt. Smala langsryggar ha vanligen erhallit en avrundad éveryta, me- 
dan kortare och bredare kullar nastan helt avplanats (fig. 14). De senare 
ha 1 regel svagt sluttande yta, antingen fran tva sidor till en punkt 
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Fig. 15. Svallzon av barspolade hillar och friskéljda block. Vatunga, N om Aspereds 
kyrka. 
Wave-washing level of exposed rocks and boulders. Vatunga, N of Aspered Church. 


ungefadr mittpa eller enbart fran en sida fram till den motsatta. De 
likna salunda egentliga terrassplan utan brink, och ofta motsvarar 
verkligen hégsta punkten ett hak med ratt hdjd pa davarande vatten- 
ytan (jfr G. Frédin 1913, s. 27). Aven da sddana kullar-ryggar stuckit 
upp endast nagra m ovanfor en issjéniva, har abrasionen oftast helt 
avplanat topparna. Enstaka erosionsrester kunna dock kvarsté som 
sma, ojémna upphéjningar. Slutligen forekomma fall, da asar eller 
kames icke alls synas ha paverkats av vagerosionen, trots att de uppen- 
barligen legat fritt exponerade. 

Eftersom moraén dr forharskande markbetickning, aro de flesta 
strandlinjerna utskurna dari. Vid uppmatning av issjOnivaerna ge de 1 
regel mycket goda varden. Den minst utvecklade typen, svallzonen, ar 
liksom motsvarande form av skval icke urskiljbar annat an 1 blockig 
eller hallrik moran. Till sin begrénsning ar den relativt diffus men den 
framtrdder oftast mycket val i terraéngen (fig. 15). Pa lampliga lokaler 


386 GUNNAR GILLBERG [Maj—Okt. 1956 


Foto for. 


Fig. 16. Svallzon i form av gérdel av friskéljda residualblock. Bertilshult, N om Viared- 
sjon. 
Wave-washing level represented as a low rampart of exposed residual boulders. Bertilshult, 
N of Lake Viaredsjon. 


och i rikblockig moran kan den t. 0. m. vara mycket skarpt utbildad 
som balten av frispolade residualblock (jfr Sjogren 1909, s. 159, Bjérns- 
son 1940, s. 52) (fig. 16). Nagon antydan till hak eller plan synes dar- 
emot aldrig, och klapper finnes icke. 

De distinkt utformade haken ha alltid ett plan utbildat men detta 
éverstiger sdillan en bredd av 1 m. Ibland ar det relativt jamnt, ibland | 
starkt sluttande. Da mordnen ar blockfattig, sticka blott enstaka fri-. 
skoljda block upp 1 ytan. Sadana rena hak forekomma darfor framfor 
allt, dir bottenmoranen gar i dagen.t Da emellertid blockig (yt)moraén 
merendels ar markbildare, aro blockhak dominerande. De framtrada 
som markerade gérdlar av block, och ofta ar det smala strandplanet 
helt bestrétt med sadana (fig. 17, jfr fig. 19). En del block aro upp- 
stickande, friskéljda residualblock, en del — oftast de flesta — ligga 
fritt och ha synbarligen anrikats genom isskruvning. Mindre klapper 
forekommer ibland men har aldrig nagon stérre omfattning. De bada 
formerna av hak dro salunda i viss man bundna till olika morantyper. 
Terrangens beskaffenhet synes diéremot spelat mindre roll, aven om de 
oftast upptrida pa dels branta, dels mycket langsluttande dalsidor. 

De fullt utvecklade terrasserna aro mycket varierande (Gillberg 1945, 

1 Aven i primart starkt blockig moriin kunna rena hak finnas, dels darfor att den: 


ursprungliga fordelningen av blocken ir mycket ojimn, dels sannolikt beroende pa mye 
ket svag inverkan av abrasion och isskruvning. 
| 
| 
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Foto forf. 


Fig. 17. Blockhak. Rosenlund, N om Sandhult kyrka. I motsats till foregaende blockzon 
bestar denna aven ay ditskjutna block samt har ett embryonalt strandplan. 
Boulder-notch (boulder-rampart). Rosenlund, N of Sandhult Church. Contrary to the boulder- 
level in Fig. 15 this also consists of boulders, pushed wp by sliding sea ice and has a narrow, 

embryonal shore plane. 


Foto forf. 


Fig. 18. Smal moranterrass med skarpt men relativt flackt hak. Rolle, N om Dannike 
kyrka. 
Narrow wave-cut terrace in till. The notch is very distinct but relatively shallow. Rolle, N of 
Dannike Church. 


388 GUNNAR GILLBERG [Maj—Okt. 1956 


Foto forf. 


Fig. 19. Smal morinterrass med blockhak och blockmatta pa planet och i haket. Lida, 
Gallasen. 
Narrow wave-cut terrace in till. A boulder-notch has been developed and the shore plane and 
the cliff are covered by many boulders, exposed by the abrasion. Lida, Gallasen. 


s. 445) (fig. 18, 19, 20). Planen, som sallan ha en bredd 6ver 20—25 m, 
aro alltid ojémna och gropiga (jfr Sjogren 1909, s. 159). Detta beror i 
regel p& mordnens sammansattning och dirigenom mycket skiftande 
inverkan av abrasionen. Friskéljda block sticka upp 1 stérre eller mindre 
antal alltefter den primara frekvensen. Aven barspolade hillar fére- 
komma (fig. 21). Merendels aro planen sluttande. En héjdskillnad mel- 
lan kné och hak pa flera m dr t. 0. m. relativt vanligt. Knéets form 
varierar darfor kraftigt, och 6vergangen till den lagre brinken kan vara 
mycket mjuk eller mycket skarp. Haken fro i allmaénhet markerade 
men gropigat och normalt med blockanhopningar (fig. 19). Flerstades 
ha dessa uppstatt genom isskruvningar (jfr Gilbert 1885 a, s. 109, 


1 Aven vid moranterrassernas inre delar synes ofta fritt vatten samlas. Nagon an- 
tydan till jordflytning ar dock icke mirkbar. I stiillet har ibland svag forsumpning in- 
tritt, och nagra dm Sphagnumtorv bildats nérmast haket. 
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Foto forf. 


Fig. 20. Bred moranterrass med skarpt hak. Taryd, E om Toarp. 
Broad wave-cut terrace in till. The notch is very distinct. Taryd, E of Toarp. 


1890, s. 71, Gustafsson 1904, Tanner 1930, s. 32, Bjdérnsson 1940, s. 54). 
Dylika processer torde i issjéar ha varit mycket allmainna, da dessa 
sikerligen regelbundet voro isbelagda. Att blocken icke dro friskéljda 
residualblock, ha fallit ned ovanifran eller ditforts av vagorna, fram- 
gar av deras lage, mangd och storlek. Dels sta de ofta pa kant, dels ar 
antalet mycket stérre in ute pa planen (Gustafsson 1904, s. 162). Na- 
gon mellanmassa av grus och sand férekommer mera sillan. Sa stora 
block kunna icke heller ha transporterats av vagorna. 

Klapper saknas merendels aldrig. Pa de smalare terrasserna har den 
endast mindre omfattning, medan den pa de bredare ofta forekommer 
i stort antal. Bade till utseende och uppkomst kunna tva former ur- 
skiljas (Gustafsson 1904, s. 163). A ena sidan upptrida foga bearbetade 
stenar, vilka blivit kvarliggande sedan finmaterialet bortspolats och 
blocken anrikats vid haken. Den andra typen ar verklig strandklapper 
med avplanade ytor men den finns nastan endast pa de bredare terras- 
serna. En viss koncentrering av strandklappern mot haket ar aven 
markbar, och vanligen ligger den mer fritt an residualklappern. Utover 
dessa grévsta fraktioner har typiskt svallmaterial icke némnvard ut- 
bredning. Dar sadant férekommer, bestar det undantagslést av nagra 
dm grus eller grovsand (Gillberg 1948, s. 458). Mera sallan ligger det 
utbrett dver hela planen utan upptrader oftast naérmare knéet an ha- 
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Foto forf. 


Fig. 21. Medelstor moriinterrass med blottade hallar vid haket. Ljurhalla, N om Narunga 
kyrka. 
Medium-sized wave-cut terrace in till, with exposed rocks near the notch. Ljurhalla, N of 
Narunga Church. 


ket. Att abrasionen 6vervaégande inskrankts till utskaérandet av terras- 
serna samt bortforandet av det ytliga finmaterialet, ar ocksa markbart 
i de skdrningar, som finnas i nagra terrasskanter. Niastan omedelbart 
(hégst nagra dm) under ytan ar moranen helt opaverkad (jfr Sjogren 
1909). 

Toppytorna av mordénmark, vilka ha legat nagon m under en issj6- 
niva, dro aldrig sa avplanade som dylika 1 glacifluvialt material. Ofta 
har vagerosionen endast astadkommit en mer eller mindre kraftig spol- 
ning, sa att ett flertal block friskéljts. Likasa ha morankullar, som 
stuckit upp nagon m ovan issjéarna, mer sallan helt utjamnats. Pabér- 
jade strandplan markas nara ytterkanterna, i dvrigt synes blott sva- 
gare eller starkare spolning. 

Strandlinjernas utbildning har sélunda i nagon man bestamts av un- 
derlagets materialsammansattning men till stérsta delen giller detta 
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detaljutformningen. I stort maste andra orsaker ha varit mer avgo- 
rande. Ifraga om tidsfaktorn ar det inom omradet mycket svart att fa 
en klar uppfattning dirom. Nagra absoluta tidsbestémningar finnas 
icke, och aven den relativa tidsskala, som kan uppstallas (jfr sista kap.), 
ar for detta andamal alltfér osiker. Issjéarna torde dock i regel ha agt 
bestand tillrackligt lang tid for att verkliga terrasser skulle ha hunnit 
utformas. Fér 6vrigt synes den morfologiska verksamheten inom en 
strandzon relativt snabbt na kulmen (AhImann 1914, s. 19). Abrasio- 
nen hade under denna tid dessutom fritt spelrum, da ingen hindrande 
vegetation annu hade uppstatt. Visserligen torde marken stor del av 
aret ha varit frusen men sirskilt vid upptéandet maste vagerosionen 
kunnat verka med full kraft. 

Variationerna i vattendjupet ha sikerligen haft stérre inflytande. Pa 
branta sluttningar dro svallzoner och hak nastan dominerande. Vag- 
erosionen har dar férsvagats genom att brdnningar icke bildats eller 
varit alltfér korta. Aven da primarlutningen var relativt obetydlig, ha 
évervagande blott hak utskurits. Sluttningarna dro dock langt nedanfor 
kraftigt spolade. I dessa fall kunna darfér haken nirmast betraktas 
som 6vre svallgranser. Infallsvinkeln fér vagorna har varit alltfor liten, 
och dessutom torde den visserligen ringa mingden lésbrutet material 
icke helt kunnat bortféras utan kvarlegat och skyddat mot en starkare 
abrasion. Sarskilt val kunna dessa ytterligheter studeras pa de stora 
drumlinerna. Pa den oftast branta proximalsidan och den mer lang- 
sluttande distalsidan forekomma nastan enbart svallzoner och hak, me- 
dan de mattligt lutande langsidorna vanligen ha tydliga terrasser. 

Andra terraéngforhallanden synas icke haft sa stor betydelse for 
strandlinjeutvecklingen. Oar och holmar, vilka kunna verka skyddande 
fér de innanfér belagna omradena, ha endast forekommit i ringa ut- 
strickning, sasom pa en del héjdplataer och i de laigsta dalissjéarna, 
Da har snarare strandens forlopp spelat stérre roll. Pa starkt buktande 
dalsidor eller i stérre vikar aro strandlinjerna markant olika utbildade 
pa de utskjutande resp. inatgaende partierna. Pa de férra dominera 
svallzoner och hak, medan terrasserna ligga inom de senare, dock mer 
sallan allra langst in. 

De for abrasionen utslagsgivande faktorerna synas alltsa lokalt varit 
av stor betydelse. I allmanhet ha de dock varit sadana, att strand- 
nivaerna borde vara val utbildade. Men detta ar icke fallet. Medelstora 
och breda terrasser dro relativt sallsynta och plan saknas helt. Av de 
andra formerna ha haken lika stor utbredning som de smala terras- 
serna (Gillberg 1948, s. 457). Denna férdelning ar férvanansvard, och 
detta motsatsforhallande mellan betingelserna for abrasionen och dess 
synliga resultat framtrader kanske dn skarpare vid en jamforelse mel- 
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lan issjOnivaerna och de marina strandlinjerna (Gillberg 1948, s. 457, 
1952, s. 78). 

Issj6terrangen ger bade som helhet betraktad och i detalj sett ett 
oroligt intryck, medan den marina ar mer Jugnt utformad. Ofta beror 
detta pa att finare, utfyllande sediment allmant forekomma inom de 
forna fjorddalarna, medan sadana blott sporadiskt upptrada inom de 
brutna issj6trakterna. Men aven utan dylika, t. ex. 1 normal moran- 
mark, ar forhallandet patagligt pa grund av strandlinjernas olika ut- 
bildning. De marina dro skarpt markerade, utgoras 1 regel av terrasser 
av ofta betydande bredd och féljbara sa langt Ogat nar. Issj}Onivaerna 
aro aldrig sa distinkta, smala terrasser och hak forharska, och de aro 
sillan sammanhingande liangre stréickor. Dessutom aro strandplanen 
aldrig s& jémna som inom den marina zonen. Endast blockhaken dro 
mangenstaides mer framtraidande inom issjGomradena, ty isskruvningar 
torde ha varit kraftigare under issj6tiden. Allman spolning mellan niva- 
erna ar ett generellt drag inom den marina terrangen. Mellan issjé6- 
ytorna ar detta relativt sallsynt utan dar upphér den oftast strax ovan- 
for haket, och markbetaéckningen dr i det nérmaste helt orérd upp till 
ytterkanten av nastfoljande strandlinje. Detta ar fullt forklarligt, efter- 
som issjéarna sinktes 1 etapper, medan havet endast successivt intog 
ligre nivaer (Gavelin 1910, s. 14). Férutom genom uppkomsten ay skil- 
da strandmarken har salunda den primiira terringen féga fordndrats 
inom issjoomradena. De marina dalstrakens nuvarande utseende 4r 
diremot helt sekundart pa grund av omlagringar, sedimentering och 
allmén utjaémning. 

Denna skillnad i strandlinjernas utbildning ligger val narmast till 
hands att forséka forklara med att forutsdttningarna for abrasionen 
varit markant olika i skilda miljéer. Genomsnittligt torde dessa emel- 
lertid ha varit ungefér lkvardiga inom resp. omraden. Ha ogynn- 
samma forhallanden forelegat, har detta markligt nog oftare varit fallet 
inom den marina terrangen, dar verkningarna blivit tydligare och stérre 
(Gillberg 1948, s. 457). Enda férklaringen till strandlinjernas svaga ut- 
veckling inom issj6omradena synes darfor vara att issj6arna meren- 
dels voro marginala (Gillberg 1948, s. 457). I kanske ofta icke mer an 
20—30 m breda kantsjéar maste abrasionen blivit starkt hammad. 
T. 0. m. vid kraftig storm torde vagrérelserna icke blivit av stérre 
omfattning. 

Att bredden pa issjéarna haft betydelse for strandlinjeutvecklingen, 
framtrader tydligt vid en jimforelse mellan nivder fran marginalsjéar 
resp. fran 6ppna issjéar eller 4tminstone dar dppet vatten haft stérre 
utbredning. I de nordligaste issjéarna, vilka i det narmaste voro helt — 
fria vattenytor, dominera terrasser fullstandigt éver hak, och breda 
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sadana aro mycket vanligare dn annorstades. Aven i de lagsta daliss]é- 
arna, vilka delvis haft stérre éppna ytor, ar forhallandet enahanda. 
Detta ar emellertid ocksa fallet inom nunataksjéarnas omraden. Dessa 
issjOar maste salunda ha varit relativt breda. Darav framgar i sin tur, 
att sedan de skilda héjdpartierna framsmiilt, isen nastan omedelbart 
torde ha koncentrerats till de omgivande dalstraken. Plataerna ha med 
andra ord snabbt frilagts, och férekommande nunataksjéar ha darfor 
fatt karaktdren av relativt omfattande vattenytor mellan dalisloberna. 

Strandlinjeproblemen aro emellertid i och med detta icke fullt slut- 
behandlade. Trots sin ojimna form, féga uthallighet samt dominansen 
av mindre markerade typer aro de flesta nivaerna utbildade med myc- 
ket stor skarpa. Detta giiller dven svallzonerna och haken, vilka mangen 
gang framtrada lattare i terréngen in terrasserna. I nagon man beror 
denna tydlighet pa att marken mellan strandytorna i regel ar ndstan 
orérd. Pa grund av de snabba avtappningarna ha dessutom de skilda 
nivaerna bevarats och icke mer eller mindre férstérts av en successivt 
sjunkande vattenyta (Gavelin 1910, s. 14). Men detta kan knappast 
vara hela forklaringen. Eftersom vagerosionen synbarligen icke kan ha 
varit helt avgérande faktor, synes enda méjligheten vara, att det upp- 
dimda smaltvattnet tidvis eller mer konstant kommit i kraftig strém- 
ning. Orsaken dartill ar kanske svar att finna men sakerligen har issjé- 
arnas ringa bredd aven ur denna synpunkt spelat stor roll (jfr analogt 
att en flod vid stark sammantrangning far kraftigare och snabbare fall). 
Mot de subglaciala eller laterala avloppen torde dessutom en viss ut- 
sugning ha agt rum, vilken accentuerades vid de periodiska och slut- 
liga tappningarna. Med denna forklaring synes det egentligen absurda 
forhallandet, att strandlinjerna aro svagt utbildade men skarpt fram- 
tridande, mindre markligt, och franvaron av finsediment dr fullt na- 
turlig. 


Issjoéarna 


Tidigare undersdkningar Over issj6ar inom omradet dro relativt fa. 
De foérsta uppgifterna om hégre liggande strandlinjer finnas i vissa kart- 
bladsbeskrivningar. Men om de dro av marint ursprung eller ha utsku- 
rits av issjOar har icke diskuterats. Flera av dessa nivaer maste dock 
avse den senare kategorien, t. ex. EK om Jallby kyrka (Fries 1866, s. 34), 
vid Jala (Fries 1867, s. 33), vid Skephult (Fries 1870, s. 22) samt vid 
Hisjo6n (Blomberg 1883, s. 24). 

De forsta direkta omnémnandena ay issjar gjordes 1910 av Munthe, 
som bl. a. pavisade, att Frisjédalen och delar av Atradalen tidvis upp- 
tagits av isdimt vatten. Aven ett flertal andra dalstrak betecknades 
som omraden, dar senglaciala sjéar funnits. Senare antog emellertid 


er 
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Munthe (1940, pl. II), att Frisjédalen bildat en vik av davarande 
Vasterhavet. Detta har dock aldrig varit fallet, ty ett av de tydligaste 
issjdavloppen utgar strax ovan nutida Frisjén (Gillberg 1945, s. 458). 
Flera andra av Munthes MG-varden (1940, s. 30) harréra ocksa fran is- 
sjoar (Gillberg 1952, s. 84). 

1918 beskrev Sandegren de s. k. Toarp-issjéarna, vilka upptagit dal- 
gangen kring Toarps kyrka fram till Varnumsdalen. Sarskilt de pa 
nordsidan av moransluttningen vid Bondarp beligna avloppsrénnorna 
studerades ingaende. Blott ett fatal strandlinjer omtalades daremot. 
Sandegrens uppfattning om Toarp-issjéarna har nastan helt bekraftats. 
Endast sjilva avsmaltningsférloppet har agt rum nagot annorlunda, ty 
nagon relativt rak, mot N vikandeisfront har aldrig varit utbildad i 
denna trakt. 

1942 kom Nilssons férsta avhandling om de baltiska issjéarna. Det 
sista av de dldre stadierna skulle ha natt in i Atradalen (1942, fig. 4 
och s. 150). Méjligen hade det t. 0. m. stérre utbredning, »da héjd- 
partierna i trakten av Boras sannolikt tidigt smalte fram ur landisen». 
Efter avtappningen, som Nilsson férlade till Atradalens sydspets, skulle 
Atra-issj6n ha uppkommit. I sin sista redogérelse fér den senglaciala 
utvecklingen kvarstér Nilsson i huvudsak pa denna standpunkt (Nils- 
son 1953). 

Mina egna uppsatser om issjéar och isavsmaltning inom olika delar 
av omradet (Gillberg 1945, 1948) kunna slutligen betraktas som fore- 
l6pande meddelanden till den avhandling, som har framlagges. 

I viss man ha issj6problemen kommit i férgrunden vid denna under- 
sdkning. Det maste dock understrykas, att ett utredande av skilda is- 
sjOar, deras avlopp och utbredning icke far bli ett sjalvindamal utan 
endast vara ett hjdlpmedel for klargorandet av mer betydelsefulla fra- 
gor, sasom isavsmaltningens och landhéjningens forlopp. 

Da avvagningarna, strandlinjerna och avloppen redan diskuterats i 
foregaende kapitel, behover har endast redogéras for diagramkonstruk- 
tionerna. Vid utredandet av de skilda issjéytorna ha distansdiagram 
visat sig vara bast lampade. Relationsdiagram synas icke pa nagot satt 
ge battre upplysningar om issjésystemen och deras gradienter. Dess- 
utom finns icke nagon egentlig referensniva att tillga, di ingen issjé 
utbrett sig inom hela omradet. Vid konstrueringen av diagrammen har 
det mest betydelsefulla varit forlaggandet av projektionslinjen fér pro- 
filerna, d. v. s. i verkligheten isobasernas férlopp. Fér denna bestém- 
ning ha endast de issjésystem kunnat anvindas, vilka ha utbrett sig 
utmed bada sidorna av skilda dalstrak eller haft stérre omfattning 1 
sidled. I stort ga isobaserna i ungefiir NW—SE:lig riktning. Avvikelser 
darifran — mer sillan mot W—E, vanligen mot N—S — férekomma 
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inom flera delomraden men de dro dels utpraglat lokala, dels av rela- 
tivt ringa storlek. Givetvis skall projektionslinjen alltid g4 vinkelratt 
mot isobaserna. Da emellertid dessa icke klart kunnat bestaémmas inom 
hela omradet samt de konstaterade avvikelserna aro forhallandevis obe- 
tydliga, har jag ansett mig kunna anvanda en gemensam perpendikel 
1 SW—NEzlg riktning. Visserligen bli issj6ytornas lutning icke alltid 
exakt men foérdelarna dro a andra sidan sa stora, att detta konstruk- 
tionsfel synes mig tillatet. En gemensam langdskala ar diarfor anvand 
pa alla diagram, och dessa aro salunda direkt jamforbara till laget. 

Gradienterna, vilka uppdragits med de tubavvagda nivaerna som 
baspunkter, dro alltsa icke fullt korrekta. Aven med exakt projek- 
tionslinje torde detta sillan bli fallet, da i sjalva bestémningarna av 
strandlinjerna samt avvagningarna alltid en viss felkalla foreligger (jfr 
foreg. kap.). Eftersom avvikelserna i regel ga mot N, skola gradienterna 
i verkligheten vara nagot stérre. Detta ar ytterst betydelsefullt, ty de 
pavisade omsvangningarna i issj6ytornas lutning skulle darigenom bli 
an mer markerade, icke utflackade. 

For klarlaggandet av de skilda issjésystemen har ett mycket stort 
antal diagram upprattats. Liget av varje delomrade med sarskilt dia- 
gram framgir av fig. 22, 23. Endast fem diagram ha emellertid med- 
tagits i avhandlingen som typexempel och darfor att de ha anvants 
for konstruktionen av landhéjningskurvor (se kap. landhdjningen) (fig. 
2428). Ovriga diagram ha uteslutits, da de icke aro direkt nédvandiga 
for den féljande framstallningen samt i reproducerat skick endast med 
stor svarighet kunna ge upplysningar om strandlinjernas exakta hojd 
eller issjéytornas gradienter. Samtliga originaldiagram finnas emellertid 


tillgingliga hos forf. 


For att erhalla en éverskadlig uppfattning av de olika issj6systemens 
gradienter, Aldersstallning, successiva évergang 1 varandra samt av- 
tappningar ha tva éversiktsdiagram upprattats (pl, 8,277. 

Nagon omfattande redogérelse fér varje issjOsystem synes av flera 
orsaker knappast befogad utan korta sammanfattningar dro fullt till- 
rickliga. Da utvecklingsforloppet var sa komplicerat och de skilda iss}6- 
nivaerna sa inflatade i varandra, ar en tidsbeskrivning omdjlig att 
genomfora. I stillet ha tre grupper uppstillts, inom vilka systemen 
redovisas i bokstavsordning. Bendémningen av issjéarna har skett efter 
den principen, att storre orter eller atminstone namn med kraftigare 
stil pa de topografiska kartorna anvants. Oftast ha sadana valts, som 
aro beligna ungefar mitt i de forna issj6omradena eller mot deras 
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Som framgatt av bl. a. de glaciala avlagringarna (Gillberg 1956), 
lateralskvalen samt strandlinjernas morfologi (féreg. kap.), synas fler- 
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Omrade under MG 


Area below the Marine Limit 


omrade med sarskilt distansdiagram. 
gram of the tilted shore planes of the glacial lakes has been drawn. 
‘tverk den 8 augusti 1956. 
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talet issjéar ha varit kantsj6ar med visserligen varierande bredd men 
med stérre 6ppna ytor endast dar terrangen var lamplig. Dessa fakto- 
rer dro kanske icke ovadersagliga beligg for detta men de dro knappast 
férenliga med antagandet av helt fria vattenytor. Ifraga om de flesta 
issjOsystemen kan for 6vrigt ingen tvekan rada om att de voro nunatak- 
eller marginalsjéar. Strandlinjerna forekomma blott runt ett visst be- 
griinsat hdjdomrade eller utmed ena sidan av nagon dalgang. Endast 
i de fall, da de till héjden 6verensstamma pa bada dalsidorna, kunna 
helt isfria issjéar ifragasittas. Detta forutsitter emellertid dammen 1 
form av isolerade isproppar i dalmynningarna. Inga betingelser for upp- 
komsten av dylika ha funnits, och en sadan foreteelse vore ett med 
évriga rérande isavsmaltningen kiénda faktorer ofdrenligt forhallande. 
Aven dessa issj6ar maste darfér karaktériseras som marginala kant- 
sjéar, ehuru dubbelsidiga.! De lagsta stadierna torde dock, som bl. a. 
fordelningen av issj6sedimenten visar, ha varit isfria vattenytor 1 storre 
grad an de hégre nivaerna. Verkligt éppna issjéar, d. v. s. uppdaimda 
mellan hégre land och en vikande isfront, ha icke helt saknats. Inom 
nordomradet samlades smaltvattnet allmant pa detta sitt mellan de 
sédra héjdomradena och den mot N vikande landisen. 


A. Nunataksjoar. Den forsta gruppen issjéar utgdres av sa- 
dana, som utbredde sig runt ett eller flera narbeligna héjdomraden. 
De kunna darfor benimnas nunataksjéar, ehuru detta icke ar fullt 
adekvat om vissa stadier. Da ett héjdparti framsmilt, synes isen rela- 
tivt snabbt ha forsvunnit dirifran och koncenterrats till omgivande 
dalstrak. Vid denna tid férekommande issjéar utgjordes av férhal- 
landevis 6ppna vattenytor over plataerna, vilkas hégsta toppar stucko 
upp som dar. Dessa stadier borde salunda rubriceras som plataissjéar 
men da de blott dro en speciell form av nunataksjéar, kunna de han- 
foras till denna grupp. 

Avloppen synas genomgdende ha varit subglaciala, méjligen i enstaka 
fall laterala. I regel forekommer endast en utgaende ranna, mangen- 
stiides av typen slukranna, varfér denna dven torde anvants vid tapp- 
ningen. 


* Ifraga om dessa issjéar giiller dock ett visst forbehall. Strandlinjer, som ligga pa 
samma hdjd pa bigge dalsidorna, kunna ocksé ha utbildats av tva eller flera issjéar, 
vilka ej haft forbindelser med varandra genom 6ppna sund eller genom isen. Under en 
ismassas upplosningsstadium torde det icke ha varit ovanligt, att eventuella issjéar 
foljde i takt med varandra p4 bada sidor av en islob. I manga fall kan detta ha varit 
fallet, ty for flera av dessa issjéar ha dubbla avlopp konstaterats. Detta ar emellertid 
a andra sidan ej helt avgérande, ty sidan dranering torde ofta agt rum, da avloppen 
voro laterala eller subglaciala och darfér tidvis avstannade. Da det ar omdjligt att med 
sikerhet avgéra detta férhillande, och di en ytterligare uppdelning i flera iss]O6system 
endast skulle komplicera framstillningen, ha dessa strandlinjer sammanférts under 
gemensam beteckning. 
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_ 1) Almedal-issjéar (7 stadier) (pl. 7/—)! runt héjdpartiet mellan sjén 
Sandsken 1 W och sjén Grosken och Lidans vistra fara i E (Ulricehamn);? 
motsvara pa pl. 8:4 den del ay Hillstad-issjin (C22), som omflyter det vastli- 
gaste av de tre norra dpartierna. 

2) Bemmen-issjéar (3 stadier) (pl. 6/9:7) runt héjdpartiet mellan St. 
Halsjén i NW och Viskadalen i SE (Kungsbacka) (Gillberg 1948, s. 461). 

3) Bjorkhult-issjéar (12 stadier) (pl. 7/8:4, 9:5) inom plataomradet mellan 
sj6n Uppsalen i N och Viskadalen i § (Kungsbacka). 

4) Brattorp-issjéar (9 stadier) (pl. 7/8:2) runt héjdpartier inom plata- 
omradet N om Viaredsjién (Boras). 

5) Brénnas-issjéar (15 stadier) (pl. 7/8:4, 9:5) runt flera héjdpartier 
mellan Nésjéarna i E, Harsjéarna och Uspen i W—NW (Boras). 

6) Daltorp-issjéar (8 stadier) (pl. 7/8:4, 9:5) runt de vistra héjdpartierna 
av plataomradet E om Storan, 8 om Bollebygd (Kungsbacka). 

7) Dallebo-issj6ar (4 stadier) (pl. 6/—) runt de yttre topparna mellan 
Varnumsdalen i N—NE och sjén Tolkens nordspets i E (Ulricehamn). 

8) Ebbared-issjéar (9 stadier) (pl. 7/8:3) omfattande nunataksjéar inom 
plataomradet E om Oresjé (Boras). 

9) Gallasen-issj6ar (10 stadier) (pl. 6/8:2, 3) runt Gallasen-Navasens héjd- 
parti vid Viska-Surtadalarnas férening (Kungsbacka) (Gillberg 1948, s. 461). 

10) Grevabo-issjéar (8 stadier) (pl. 6/8:2) runt flera toppar W om Mjé- 
backsdalen (Kungsbacka). 

11) Grude-issj6ar (3 stadier) (pl. 7/9:7) runt toppartierna vid Grude och 
8. Bjorke kyrkor (Boras). 

12) Gunlered-issj6ar (5 stadier) (pl. 6/8:2) kring platéomraddet mellan 
Atradalen i E, Hogvadsans dal i W (Varberg). 

13) Gotsered-issj6ar (16 stadier) (pl. 7/8:1, 2) runt de hogsta partierna 
av plataomradet W om Oresjé (Boras). 

14) Hallagirde-issjéar (6 stadier) (pl. 6/9:7) runt hdjdomradet mellan 
Viska-Haggadalarna, W om Fritsla (Kungshacka) (Gillberg 1948, s. 462). 

15) Hia-issj6ar (11 stadier) (pl. 6/8:1, 2) kring de mellersta och norra 
delarna av plataomradet mellan Atradalen i E, Holsjé-Hallangendalen i W 
(Kungsbacka). 

16) Hokas-issjéar (14 stadier) (pl. 7/8:3, 4; 9:5, 6) runt flera toppar N om 
L. och St. Halsjéarna (Kungsbacka) (Gillberg 1948, s. 464). 

17) Hultet-issjoar (5 stadier) (pl. 6/8:4, 9:5) runt héjdpartiet mellan 
Barred-Viskadalarna (Kungsbacka) (Gillberg 1948, s. 464). 

18) Huvdaby-issjéar (13 stadier) (pl. 7/8:4, 9:5) kring flera toppar inom 
héjdomradet mellan Ingsjédalen i 8, Mélndalsans dal i N (Kungsbacka och 
Boras). 

19) Dir herigiaaidae (14 stadier) (pl. 6/8:1—3) omfattande nunataksjéar 
inom plataomradet E om Oresjé (Boras). 

20) Hakabo-issjéar (8 stadier) (pl. 6/8:1—3) runt tva mindre toppar vid 
Tolkens norra ande (Ulricehamn). 

21) Harna-issjoar (3 stadier) (pl. 7/—) runt topparna N om Harna kyrka 
(Ulricehamn); motsvara pa pl. 8:4 den del av Hallstad-issj6n (C22), som om- 
‘lyter de bada sydéstra 6partierna. 


f 1 Den forsta hanvisningen giller éversiktsdiagrammen (pl. 6, 7), den andra kartorna 
iver issj6arnas utbredning och isavsmaltningens férlopp (pl. 8, 9) 
_ 2 Denna hianvisning giller resp. topografiskt kartblad. 
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92) Harstorp-issjéar (16 stadier) (pl. 7/8:3, 4) kring héjdpartier NW om 
Asunden (Ulricehamn). 

93) Juldsa-issjoar (14 stadier) (pl. 6/8:3, 4) runt hojdpartiet EK om 
Roasjé kyrka (Kungsbacka) (Gillberg 1945, s. 452 — inga 1 de das. k. Atra- 
iss]Oarna). } ; 

24) Karlstorp-issjéar (12 stadier) (pl. 7/8:4, 9:5) runt héjdpartiet mellan 
Nossadalen i W, sjéarna Sandsken och Simsjén i E (Ulricehamn). 

25) Klinten-issjoar (12 stadier) (pl. 7/8:3) runt hdjdpartiet NE om 
Varnums kyrka (Ulricehamn). ‘ 

26) Kolsjé-issjéar (13 stadier) (pl. 7/8:3, 4) omfattande nunataksjoar inom 
plataéomradet W om Saven (Boras). 

97) Laryd-issjoar (19 stadier) (pl. 7/8:3, 4; 9:5) kring plataomradet N 
om Varnumsdalen, W om Fanneslunda (Ulricehamn). 

98) Lindsas-issjéar (8 stadier) (pl. 7/8:4, 9:5) runt flera hojdpartier N om 
sjon Artingen (Boras). 

29) Ljur-issjoar (8 stadier) (pl. 7/9:6) runt flera toppar W om Ornunga- 
sjon (Boras). 

30) Mahult-issjoar (7 stadier) (pl. 6/8:1, 2) kring flera toppartier inom 
plataomradet N om Fagereds kyrka, W om Alvsered (Varberg). 

31) Morjhult-issjéar (11 stadier) (pl. 7/8:4, 9:5) runt héjdpartiet mellan 
Nésjéarna i W, Nordans dal i E (Boras). 

32) Murum-issjéar (5 stadier) (pl. 7/—) runt toppartiet W om Murums 
kyrka (Ulricehamn); motsvara pa pl. 8:4 den del av Hiallstad-issj6n (C22), som 
omflyter det mellersta av de norra dpartierna. 

33) Mysten-issjéar (13 stadier) (pl. 7/9:5, 6) kring héjdpartierna mellan 
Ommern och Sivelangen (Boras). 

34) Prekabo-issjéar (16 stadier) (pl. 6/8:1, 2) kring héjdpartierna mellan 
Oxaback i W, Holsjén i E (Kungsbacka). 

35) Rogsberg-issjéar (13 stadier) (pl. 6/8:3) kring flera toppar 8 om 
Skephults kyrka (Kungsbacka) (Gillberg 1945, s. 452 — inga delvis i de da 
s. k. Atra-iss}6arna). 

36) Raddeby-issjéar (12 stadier) (pl. 7/8:4, 9:5) kring flera héjdpartier 
S om Viaredsjén (Boras). 

37) Rorsvik-issjéar (3 stadier) (pl. 6/9:5) runt norra delen av héjdpartiet 
mellan Viska-Oresjédalarna (Kungsbacka) (Gillberg 1948, s. 464). 

__ 38) Siggebo-issjéar (5 stadier) (pl. 6/8:2) runt flera hdjdpartier mellan — 
Atradalen 1 EH, Mjébacksdalen 1 W (Varberg och Kungsbacka). 
39) Silarp-issjéar (5 stadier) (pl. 7/8:4) runt nagra toppar W om Atra- 
dalen, Dalum (Ulricehamn). . 

40) Slatthult-issjoar (8 stadier) (pl. 6/9:5, 6) runt héjdpartiet mellan 
Surta-Barred-Halsjédalarna (Kungsbacka) (Gillberg 1948, s. 464). 

41) Spjutas-issjoar (12 stadier) (pl. 6/8:1, 2) omfattande nunataksjéar 
mom plataomradet N om Holsjén (Kungsbacka). 

42) Tvarred-issjéar (13 stadier) (pl. 6/8:2, 3) kring héjdomradet mellan 
Tolken och Asunden (Ulricehamn). 

43) Ubbhult-issjéar (10 stadier) (pl. 6/9:5) runt flera toppartier S om — 
Ingsjédalen, N om Lygnern (Kungsbacka). 

44) Vallsis-issjéar (7 stadier) (pl. 6/8:2) kring flera héjdpartier E om 
Tolken (Kungsbacka). 

45) Almestad-issj6ar (6 stadier) (pl. 7/—) runt flera toppar vid Hillstad 
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och Méne kyrkor (Ulricehamn); motsvara pa pl. 8:4 den del av Hillstad-issjén 
(C22), som omflyter de bada nordéstra dpartierna. 

46) Aspered-issjéar (11 stadier) (pl. 6/8:1, 2) runt héjdpartierna W om 
Tolken (Ulricehamn). 
_ 47) Odenas-issj6ar (19 stadier) (pl. 7/8:4, 9:5) runt toppartierna E om 
Ommern, N om Nésjéarna (Boras). 

48) Ostbo-issjéar (20 stadier) (pl. 6/8:2—4) runt héjdpartier E om Frisjén, 
W om Atradalen (Kungsbacka och Gislaved) (Gillberg 1945, s. 452— ingai 
de da s. k. Nunataksjéarna, Sista aldre baltiska issjén och Atra-issj6arna.) 


B. Ensidiga marginalsjéar. Den andra gruppen issjéar 
utgores av de typiska marginala kantsjéarna. I allmanhet eftertridde 
de nunataksjéarna, nar uttunningen fortgatt sa langt, att det upp- 
dimda smaltvattnet helt koncentrerades till dalsidorna men lamnade 
plataomradena fria. Oftast uppdelades darvid de forna nunataksjéarna 
allt efter terrangen i flera sadana marginalsjéar. Oppet vatten i stérre 
grad har endast funnits, dar terrangen gjorde stérre inbuktningar. Av- 
loppen ha varit laterala-subglaciala, och vanligen ha flera sadana exis- 
terat fran varje stadium. Intermittenta tappningar torde ofta ha foére- 
kommit. Sarskilt 1 dessa kantsjéar har stré6mmande vatten varit av 
stor betydelse for utformningen av strandlinjerna (foreg. kap.) och 
bortférandet av abrasionsmaterialet. 


1) Ammarp-issjéar (10 stadier) (pl. 6/8:3) korta marginalsjoar utmed 
héjdomradet W om Dannike kyrka (Ulricehamn). 

2) Backa-issj6ar (10 stadier) (pl. 7/9:7, 8) kantsj6ar utmed héjdpartiet 
N om L. Halsj6én (Kungsbacka) (Gillberg 1948, s. 466 — utgora en samman- 
slagning avy dar beskrivna Backa- och Dammet-issjéar samt delar av Rya- 
iss]Oarna). 

3) Barrsjd-issjéar (2 stadier) (pl. 6/—) i Barrsjéns dalsinka N om Kinna 
(Kungsbacka) (Gillberg 1948, s. 464). 

4) Bjérkas-issjéar (6 stadier) (pl. 6/9:6, 7) utmed Viskadalens norra sida 
mellan Skene och Kinna (Kungsbacka) (Gillberg 1948, s. 464). 

5) Bokhult-issjdar (2 stadier) (pl. 6/8:3) slingrande marginalsjéar i dal- 
straken N—NW om Fagereds kyrka (Varberg). 

6) Bredared-issjoar (4 stadier) (pl. 7/—) omfattande marginalsjéar N om 
Boras utmed Oresjés vastra sida och in i dalbukterna kring Bredareds kyrka 
(Boras); motsvara pa pl. 8:4 Sandhult-issjéns (B52) 6stra och norra delar. 
_ 7) Brunarp-issjéar (3 stadier) (pl. 6/8:3) langstrackta kantsjéar utmed 
‘héjdomradet E om Holsjé-Hallangendalen (Kungsbacka). ; 
8) Bratared-issjéar (14 stadier) (pl. 7/9:6, 7) korta issjéar lings héjdom- 
radet W om Bjorketorps kyrka (Kungsbacka). 

9) Bua-issjéar (3 stadier) (pl. 7/9:6) korta kantsjéar lings V. Nésjons 
vistra dalsida (Boras). 

10) Dannike-issjéar (6 stadier) (pl. 6/8:4) delvis relativt breda marginal- 
sjéar utmed héjdomradet N om Dannike kyrka (Ulricehamn). 

11) Dansered-issjoar (12 stadier) (pl. 7/9:6) utmed Moélndalsans sédra 


dalsida (Boras). 
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12) Finabo-issjéar (3 stadier) (pl. 6/9:8) utmed Haggadalens vastra sida 
fran Hogas i § till Savsjon 1 N (Kungsbacka) (Gillberg 1948, s. 470). 

13) Fjalla-issjoar (4 stadier) (pl. 7/8:4) langstrackta marginalsjoar utmed 
Sdderans-Viaredsjéns norra dalsida fran Boras 1 E till och in i Gesebolsjéns 
dalsinka 1 W (Boras). 

14) Flahult-issj6ar (3 stadier) (pl. 6/8:3) inom hédjdomradet E om Ok- 
langen och Tolken, fran Gudmundared i § runt héjderna vid Vallsas och ned 
i dalen vid Alekulla (Kungsbacka). 

15) Frolunda-issjéar (4 stadier) (pl. 6/8:3) langstrackta marginalsjéar 
utmed Atradalens vistra sida fran Karkashult i N till Hyndarp i S (Kungs- 
backa och Gislaved). 

16) Gesebol-issjéar (11 stadier) (pl. 6/9:5) vidstrackta, i vissa dalsinkor 
delvis 6ppna marginalsj6ar inom plataomradet N om-Viaredsjén, fran Boras 
i E till Tollsj6 och Hedared i NW (Boras). 

17) Gigered-issjéar (5 stadier) (pl. 6/—) utmed Torestorpsdalens sédra sida 
fran Holsj6n i E till Torestorp i W (Kungsbacka); motsvara pa pl. 8:4 Tores- 
torp-issjOns (C48) sédra parti. : 

18) Gunnarp-issjéar (3 stadier) (pl. 6/8:4) korta kantsjéar utmed sédra Atra- 
dalens vastra sida fran Atrans station 1 § till Oresjén i N. Av issj6sedimentens 
utbredning att déma, kunna de méjligen ha omfattat hela dalen (Varberg). 

19) Guthult-issjéar (5 stadier) (pl. 6/8:4, 9:5, 6) utmed Galladsens norra 
sida i sddra Surtadalen (Kungsbacka) (Gillberg 1948, s. 466). 

20) Hagdene-issjéar (2 stadier) (pl. 7/9:6) lings Nossadalens éstra sida, 
fran Molla i 8 till Skélvene i N (Ulricehamn). 

21) Heden-issjéar (4 stadier) (pl. 7/—) korta kantsjéar utmed Siveans 
norra dalsida fran Sivens nordspets i SW till Gundlered i N (Boras); mot- 
svara pa pl. 9:7 Oryd-issjéns (B45) norra parti. 

22) Holmen-issjéar (4 stadier) (pl. 7/9:6) korta issjéar utmed Nossadalens 
dstra sida fran Sandsken i E till Borgstena i SW (Boras och Ulricehamn), 

23) Hulvik-issjéar (7 stadier) (pl. 7/9:5) utmed Sivens vastra dalsida 
samt Siveans sddra dalsluttning (Boras). 

24) Hyndarp-issjéar (2 stadier) (pl. 6/8:4) utmed Atradalens vistra sida 
fran Vitasjé i N till Hjelmsas i 8 (Varberg och Kungsbacka). 

25) Havet-issjar (17 stadier) (pl. 7/9:6, 7) utmed Storans éstra dalsida 
fran Ravlanda i N till Bjérlanda i 8 (Kungsbacka). 

26) Hars]6-issjéar (3 stadier) (pl. 7/—) slingrande och i de nuvarande s]6- 


sinkorna mer 6ppna marginalsjéar inom hdjdomradet lings Mélndalsans — 


norra sida (Boras); motsvara pa pl. 9:6 Hagen-issjéns (C11) sédra delar. 


27) Ingsered-issjéar (12 stadier) (pl. 7/9:6) utmed Ingsjédalens norra sida 


(Kungsbacka). 

28) Jordas-issjéar (3 stadier) (pl. 7/9:6) vidstrickta marginalsjéar utmed 

O. Nésjéns, Ommerns och Nirens 6stra dalsidor (Boras). 

29) Jaxhult-issjéar (9 stadier) (pl. 6/9:6) utmed Ingsjédalens sédra sida 

(Kungsbacka). 

_ 30) Karlsryd-issjéar (3 stadier) (pl. 7/—) utmed dvre Viskadalens vastra 
sida fran Boras i N till Rydboholm i § (Kungsbacka); motsvara pa pl. 9:6 
Lénnhult-issjéns (C28) norra parti. 

31) Kattunga-issjéar (6 stadier) (pl. 6/9:5, 6) korta kantsjéar inom sédra 


eves Puen: mellan Viska-Oresjédalarna (Kungsbacka) (Gilbey 
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32) Kriken-issjéar (3 stadier) (pl. 6/9:7) korta marginalsjéar lings L. 
Halsjons sédra dalsida (Kungsbacka) (Gillberg 1948, s. 468). 

33) Kurse-issjéar (2 stadier) (pl. 6/—) i Barredsjons dal samt langs Surta- 
dalens stra sida upp till Hyssna (Kungsbacka) (Gillberg 1948, s. 465 — det- 
Samma som davarande Barred-issjéarnas tva forsta stadier). 

34) Karr-issjéar (5 stadier) (pl. 6/—) korta kantsjéar utmed héjdomradet 
S om Mogden (Ulricehamn); motsvara pa pl. 8:4 Ving-iss]éns (B70) dstligaste 
parti. 

_35) Landa-issjéar (13 stadier) (pl. 7/9:8) omfattade och relativt Oppna is- 
. inom plataomradet mellan Algutstorps, Grude och Remmene kyrkor 

oras). 

36) Liagarde-issjéar (5 stadier) (pl. 7/9:7) utmed St. Halsjéns norra dal- 
sida (Kungsbacka) (Gillberg 1948, s. 468). 

37) Lunden-issjéar (10 stadier) (pl. 7/9:7) lings dvre Viskadalens nord- 
vastra sida fran Seglora i § till Rydboholm i N (Kungsbacka) (Gillberg 1948, 
s. 467 — davarande Hultaliden-issjéarna inga diri). 

38) Lygné-issjéar (25 stadier) (pl. 7/9:5—7) buktande marginalsjéar ut- 
med Savedalens dstra sida fran St. Fargen i § till Kartared i N (Boras). 

39) Moga-issjéar (2 stadier) (pl. 6/9:8) i sédra delen av den tvarande 
Viskadalen (Kungsbacka) (Gillberg 1948, s. 468). 

40) Malsryd-issjéar (8 stadier) (pl. 6/8:4) buktande issjéar SW om Boras, 
fran Malsryd i § till Sjébo i N (Boras och Ulricehamn). 

41) Narsbo-issjéar (4 stadier) (pl. 7/—) utmed Narens och St. Firgens 
jstra dalsidor (Boras); motsvara pa pl. 9:5 Lygné-issjéns (B38) sédra parti. 

42) Nas-issjéar (11 stadier) (pl. 7/9:7) lings Savelangens dstra dalsida, 
ran Hemsjé i § till Skallsjé i N (Boras). 

43) Olofsbo-issjéar (6 stadier) (pl. 6/—) utmed sédra sidan av héjdomra- 
let N om Yttre Asunden (Ulricehamn); motsvara pa pl. 8:4 Dannike-issjins 
B10) éstra parti. 

44) Ornunga-issjéar (7 stadier) (pl. 7/9:6—8) fran Grude i N éver Ornunga- 
jOns dalsinka till Ljur i SW (Boras). 

45) Oryd-issjéar (22 stadier) (pl. 7/9:7) buktande marginalsjéar fran Oryd 
'S till Siene i N samt Séveans dal till Ljur (Boras). 

46) Palsbo-issjéar (5 stadier) (pl. 7/—) N om Viaredsjén fran Hultafors i 
i till Sandhult i NW (Boras); motsvara pa pl. 8:4 Fijilla-issj6ns (B13) och 
sandhult-issj6ns (B52) sédra delar. 

47) Revesj6-issjéar (10 stadier) (pl. 6/8:3, 4) fran Redslared runt héjd- 
mradet vid Revesjé ned till Holsljunga (Kungsbacka). 

48) Ryda-issjéar (2 stadier) (pl. 7/—) fran Boras i 8 utmed Oresjés viistra 
alsida till dess nordspets (Boras); motsvara pa pl. 9:6 Vralen-issjéns (B71) 
édra parti. 

49) Rastorp-issjéar (3 stadier) (pl. 7/9:6) korta kantsjéar fran Fristad 1 § 
ll Borgstena 1 N (Boras). 

50) Rél-issjéar (7 stadier) (pl. 7/9:5) fran Boras i S utmed Oresjos vastra 
alsida till Savens sydspets (Boras). 

51) Réllese-issjéar (8 stadier) (pl. 6/8:3) utmed Torestorpsdalens norra 
ida fran Holsjén i E till Réllese i W (Kungsbacka). ef) eteoms) 
52) Sandhult-issjéar (7 stadier) (pl. 7/8:4) buktande marginalsjéar inom 
lataomradet N om Viaredsjén, fran Gesebol i SW till Oresjés nordspets i 


E (Boras). 
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53) Sibbarp-issjéar (6 stadier) (pl. 7/9:6) korta kantsjéar fran Artingen 
i 8 till Borgstena i N (Boras). 

54) Sjdbo-issjéar (4 stadier) (pl. 6/—) langstrackta marginalsjéar utmed 
Oresjés Ostra dalsida fran Savshult i § till Fristad i N (Boras); motsvara pa 
pl. 8:4 Malsryd-issjéns (B40) mellersta och norra parti samt hela Spars6r- 
issj6n (B57). 

55) Skarebo-issjéar (3 stadier) (pl. 6/8:3) inom plataomradet S om Tores- 
torpsdalen, fran Skarebo i § till Holsjon i NE (Kungsbacka). 

56) Snugge-issjéar (7 stadier) (pl. 7/9:6) fran Borgstena 1 8 och Tamta 
i W till Grude i N (Boras). 

57) Sparsér-issjar (16 stadier) (pl. 6/8:4, 9:5, 6) korta marginalsjéar ut- 
med Oresjés dstra dalsida (Boras). 

58) Saby-issjéar (2 stadier) (pl. 7/—) i dalgangen NE om Mogden (Ulrice- 
hamn); motsvara pa pl. 9:6 Nitta-issjons (C33) nordéstra parti. 

59) Savsjé-issjar (2 stadier) (pl. 6/—) inom Savsjons dalsinka N om 
Fritsla (Kungsbacka) (Gillberg 1948, s. 470). 

60) Taryd-issj6ar (3 stadier) (pl. 6/8:3) utmed Toarpsdalens 6stra sida 
(Ulricehamn). 

61) Timmele-issjéar (4 stadier) (pl. 6, 7/—) langstrackta marginalsjéar ut- 
med Atradalens vastra sida, fran Asundens sydspets till Blidsberg i N (Ulrice- 
hamn); motsvara pa pl. 9:5 Asunden-issjéns (C55) norra parti. 

62) Tokarp-issjoar (9 stadier) (pl. 6/9:5, 6) utmed héjdomradet E om 
Boras, fran kartbladsgransen i § till Sjobo i N (Boras). 

63) Toleryd-issj6ar (3 stadier) (pl. 7/—) buktande och delvis 6ppna mar- 
ginalsj6ar utmed Savedalens sédra sida, fran Aspen i § till Skallsjé i N (Boras); 
motsvara pa pl. 9:6 Hagen-issjéns (C11) norra delar. 

64) Tostared-issjéar (4 stadier) (pl. 6/—) utmed Lygnerns sédra dalsida 
(Kungsbacka). 

65) Transas-issj6ar (6 stadier) (pl. 6/9:7) utmed dvre Viskadalens dstra_ 
sida, fran Rydboholm i § till Boras i N (Kungsbacka och Boras). 

66) Tamta-issj6ar (2 stadier) (pl. 7/—) utmed Sivens dstra dalsida (Boras); 
motsvara pa pl. 9:7 Saven-issjéns (C44) dstra del. 

67) Uvebo-issjéar (7 stadier) (pl. 6/8:4, 9:5) utmed Atradalens viastra sida, 
fran O. Frolunda i § till Karkashult i N (Kungsbacka och Gislaved). 

68) Vasared-issjéar (10 stadier) (pl. 6/8:4) utmed Asundens viastra dal-_ 
sida (Ulricehamn). | 

69) Vatunga-issjéar (5 stadier) (pl. 6/8:3) utmed Tolkens vastra dalsida’ 
(Ulricehamn), . 

70) Ving-issjéar (15 stadier) (pl. 6/8:4, 9:5) lings Varnumsdalens sédra sida, 
fran Varnum i W till Mogden i E (Ulricehamn). 

71) Vralen-issjéar (6 stadier) (pl. 7/9:6) delvis buktande marginals] dar 
utmed Savens viistra dalsida samt ned till Boras (Boras). 

72) Arenis-issjéar (7 stadier) (pl. 6/9:6) utmed Lygnerns norra dalsida’ 
(Kungsbacka). . 
__ 73) Asen-issjéar (12 stadier) (pl. 6/8:3, 4) inom plataomradet E—NE om 
O. Oresjén, fran Vannebo i NE till Réllese i § (Kungsbacka). 

74) Orby-issj6ar (12 stadier) (pl. 6/9:5—7) samma utbredning som de 
foregaende samt hela Ljungaadalen (Kungsbacka). 

75) Orlanda-issjéar (2 stadier) (pl. 7/—) utmed héjdomradet E om Borg- 
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stena, fran Fristad i § till Sandsken i NE (Boras och Ulricehamn); motsvara 
pa pl. 9:6 Holmen- (B22) och Rastorp-issjén (B49). 

76) Overlida-issjéar (3 stadier) (pl. 6/8:3) utmed Mjébacksdalens vastra 
sida, fran kartbladsgriansen i § till Karkashult i N (Kungsbacka). 


C. Dubbelsidiga marginalsjoéar. Den tredje gruppen 
issj6ar omfattar frimst sadana, vilka enligt strandlinjernas férdelning 
synas ha utbrett sig pa bada sidor av skilda dalstrak. I regel ha de 
varit de sista systemen inom olika omraden och ha bildats genom sam- 
manflytning av flera ensidiga marginalsjéar. Under denna tid skedde 
det slutliga sénderfallet av isen, och sannolikheten for att korrespon- 
derande nivaer ha tillhort gemensamma stadier ar darfor mycket stor. 
Mer omfattande fria vattenytor ha sikerligen forekommit, och den 
murkna isen har troligen allmant fungerat som ett kommunicerande 
karl. 

Till denna grupp ha ocksa hanforts ett par andra issjétyper. Efter 
vissa nunataksjéar och ensidiga marginalsjéar ha ofta stora issjésystem 
uppstatt, omfattande ett flertal dalstrak inom ifragavarande plata- 
omrade. Liksom en del nunataksjéar borde de egentligen kallas plata- 
iss}Gar men denna typ synes bist stiillas i paritet med de verkliga, dub- 
belsidiga marginalsjéarna. Mer oegentligt kan det daremot vara att till 
denna grupp dven rikna de inom nordomradet existerande issjéarna, 
vilka utbrett sig mellan de sédra landomradena och den mot N vikande 
landisen. I hégre grad an évriga issjéar torde de ha varit 6ppna vatten- 
ytor. Eftersom isrester dock kvarlegat inom vissa dalsinkor, och is- 
lober skjutit ned fran den norra isen, ha de atminstone inom vissa de- 
lar liknat de dubbelsidiga marginalsjdarna. 

Avloppen ha i regel varit laterala-subglaciala. Sadana, som betingats 
av verkliga passpunkter i terrangen, ha dock relativt ofta forekommit. 
Oavsett typen upptraida i manga fall flera avloppsfaror fran en och 
samma issjOniva. 

1) Bords-issjéar (5 stadier) (pl. 6, 7/9:7) 1 Oresj6- och dvre Viskadalen 
fran Rydboholm i § till Fristad i N (Kungsbacka och Boras). 

_ 2) Bosnis-issjéar (2 stadier) (pl. 7/—) plataissjéar mellan Viaredsjén och 
évre Viskadalen (Kungsbacka och Boras); motsvara pa pl. 9:6 Lénnhult-issj6ns 
(C28) norra parti men med stérre utbredning i W. 

3) Brannared-issjéar (4 stadier) (pl. 6/9:6) inom dalutvidgningen mellan 
Viska-Oresjé-Tolkendalarna (Kungsbacka) (Gillberg 1948, s. 464). 

4) Bugared-issjéar (2 stadier) (pl. 7/—) inom évre Surtans bada norra 
killdalar, fran Loftas i § till Upptrést och Hunghult i N (Kungsbacka); mot- 
svara pa pl. 9:6 Grénbo-issjéns (C10) bada norra vikar. 

5) Barred-issjéar (4 stadier) (pl. 6/9:7, 8) inom Barredsjéns dalsinka 
(Kungsbacka) (Gillberg 1948, s. 465 — motsvara davarande Barred-iss}6arnas 
fyra sista stadier). 


|) 
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6) Déve-issjéar (8 stadier) (pl. 6/9:6) inom nordomradet omfattande issjoar 
mellan de sédra landomradena och den norra isen (Ulricehamn). 

7) Fagered-issjéar (5 stadier) (pl. 6/—) buktande issjéar inom flertalet dal- 
system N om Fagereds kyrka (Varberg); motsvara pa pl. 8:4 Lia-issjéns (C25) 
vastra delar. 

8) Frisjé-issjéar (5 stadier) (pl. 6/9:7, 8) inom Frisjédalen och angransande 
mindre dalsankor (Kungsbacka) (Gillberg 1945, s. 457). 

9) Fristad-issjéar (2 stadier) (pl. 6, 7/—) 1 Artingens, Garstorps- och Var- 
numsdalarna till Varnum i E och Fanneslunda i N (Boras och Ulricehamn); 
motsvara pa pl. 9:7 Boras-issjéns (C1) tre norra vikar. 

10) Grénbo-issjéar (3 stadier) (pl. 7/9:6) inom plataomradet NE om Hal- 
sjoarna (Kungsbacka). ag 

11) Hagen-issjéar (9 stadier) (pl. 7/9:6) sannolikt relativt Oppna issjéar 
mellan Mélndalsans och Siveans dalstrak (Boras). 

12) Hedared-issjéar (8 stadier) (pl. 7/9:5) inom dalgangarna E om Tollsjé 
(Boras). 

13) Hessered-issjGar (2 stadier) (pl. 7/—) mom Surtans déstligaste kalldal, 
fran Loftas 1 § till Lonnhult i E (Kungsbacka); motsvara pa pl. 9:7 Loftas- 
issjOns (C27) dstra parti. ; 

14) Hestra-issjéar (2 stadier) (pl. 7/9:6) inom Nordans dal, fran Bollebygd 
i § till Hedared i NE (Boras). 

15) Holsj6-issjéar (8 stadier) (pl. 6/8:4) inom Holsjéns dalsinka (Kungs- 
backa). 

16) Hulane-issjéar (4 stadier) (pl. 6/9:5) inom dalsankorna pa platan W 
om Gallasen (Kungsbacka) (Gillberg 1948, s. 466). 

17) Hulta-issj6ar (9 stadier) (pl. 7/—) inom Nordans och Séderans dalar 
N och E om Bollebygd (Boras); motsvara pa pl. 9:7 Maden- (C29) och Tappbo- 
issjOarna (C45). 

18) Hunghult-issj6n (1 stadium) (pl. 7/—) vidstrackt plataissj6 inom héjd- 
omradet N om Halsjéarna (Kungsbacka); motsvarar pa pl. 9:6 storre delen 
av Gronbo- (C10) och Loénnhult-issjéarna (C28). 

19) Halsj6-issjéar (4 stadier) (pl. 6, 7/9:8) inom St. Halsjédalen och 
Seglorabassingen (Kungsbacka) (Gillberg 1948, s. 467). 

20) Harsas-issjon (1 stadium) (pl. 6/—) inom Harsassjons dalsinka pa 
vastra sidan av Surtadalen (Kungsbacka) (Gillberg 1948, s. 467). 

21) Hagga-issjéar (17 stadier) (pl. 6/9:7, 8) inom 6vre Higgadalen N om 
Kinnarumma (Kungsbacka). 

22) Hallstad-issjéar (3 stadier) (pl. 7/8:4) inom flertalet dalstrak inom 
nordomradets sédra del, diimd i S av en islob i Varnumsdalen, i N av land- 
isens norra front (Ulricehamn). 

23) Kakas-issjéar (8 stadier) (pl. 6/9:5, 6) inom dvre Haggddalen samt 
mindre dalsinkor i N och NE (Kungsbacka, Boras och Ulricehamn) 


24) Kungsiter-issjéar (18 stadier) (pl. 6/8:4, 9:5) inom Oklangens dal samt — 


Tolkendalens sédra parti (Kungsbacka) (Gillberg 1948, s. 472). 

25) Lia-issjéar (10 stadier) (pl. 6/8:4, 9:5) inom Hogvadsans kalldalar, fran 
Ullared i § till Alvsered och Mahult i N (Varberg). 

26) Lida-issjéar (6 stadier) (pl. 7/9:7) inom Lidans kalldalar; ha sannolikt 
stérre utbredning mot N, troligen ocksa flera yngre stadier (Ulricehamn). 

27) Loftas-issjéar (14 stadier) (pl. 7/9:7, 8) inom dvre Surtadalen och 
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mindre dalsinkor i N—NE (Kungsbacka) (Gillberg 1948, s. 468 — dava- 
rande Rya-issjéar ingé diri). 

_ 28) Lénnhult-issjéar (5 stadier) (pl. 7/9:6) inom ett flertal dalsinkor 
mom plataomradet N om Seglora (Kungsbacka och Boras). 

29) Maden-issjéar (7 stadier) (pl. 7/9:7) inom Nordans och Séderans 
dalar, fran Bollebygd i § till Hultafors i E och Holmared i N (Boras). 

30) Mjéback-issjéar (10 stadier) (pl. 6/8:4) inom Mjobiicksdalen, fran 
kartbladsgriinsen i § till Holsjéns sydspets 1 N (Kungsbacka). 

31) Mj6ésj6-issjén (1 stadium) (pl. 6/9:6) inom mindre dalsinkor SW om 
Gallasen (Kungsbacka) (Gillberg 1948, s. 468). 

32) Mone-issjéar (5 stadier) (pl. 7/9:5) inom nordomradet, fran Sandsken 
i W till Blidsberg i E, dimda i N av den norra landisen (Ulricehamn). 

33) Nitta-issjéar (3 stadier) (pl. 6, 7/9:6) inom Varnumsdalens dstra 
delar (Ulricehamn). 

34) Nossa-issjéar (21 stadier) (pl. 7/9:7, 8) inom Nossadalen (Boras och 
Ulricehamn). 

35) Nytorp-issjéar (4 stadier) (pl. 6/—) inom flera dalstrak W om Atra- 
dalen, fran Yttre Asunden i N till och in i Frisjédalen i § (Kungsbacka, Gis- 
laved och Ulricehamn) (Gillberg 1945, s. 452 — davarande Atra-issjéar ingé 
dari); motsvara pa pl. 9:5 Asunden-issjéns (C55) sédra delar. 

36) Nésjé-issjéar (6 stadier) (pl. 7/9:7) inom Nésjéarnas dalsinka (Boras). 

37) Redslared-issj6ar (2 stadier) (pl. 6/9:5) fran Revesjé iS utmed Atra- 
dalen till Redslared i W och Roasjé i N (Kungsbacka och Gislaved) (Gillberg 
1945, s. 452 — inga i davarande Atra-issjéar). 

38) Roasjé-issjéar (2 stadier) (pl. 6/8:4) fran Redslared i § till Skephult 
_W och Snarsbo i NE (Kungsbacka) (Gillberg 1945, s. 452 — inga i dava- 
rande Atra-issjéar). 

39) Sassarp-issjéar (6 stadier) (pl. 7/9:5) inom de sydgaende dalstraken 
N om éstra Varnumsdalen (Ulricehamn). 

40) Skabo-issjéar (4 stadier) (pl. 7/9:6) i vastra Varnumsdalen och Fin- 
veslundadalen (Ulricehamn). . 

41) Stenhult-issjéar (4 stadier) (pl. 6/—) inom hédjdomradet mellan Atra- 
Mjobaicksdalarna (Kungsbacka); motsvara pa pl. 8:3 Brunarp- (B7) och Fré- 
unda-issj6n (B15). 

42) Stimme-issjéar (4 stadier) (pl. 6/9:8) inom den tvirgaende Viskadalen 
Kungsbacka) (Gillberg 1948, s. 468). 

43) Surta-issjéar (3 stadier) (pl. 6/9:7) inom Surtadalen till Hyssna i N 
Kungsbacka) (Gillberg 1948, s. 472). 

44) Saven-issjéar (5 stadier) (pl. 7/9:7) inom Savens dalsiinka (Boras). 

45) Tappbo-issjéar (7 stadier) (pl. 7/9:7) inom Nordans éstra kalldalar 
ran Holmared i SW till Hedared 1 NE (Boras). 

46) Toarp-issjéar (14 stadier) (pl. 6/8:4, 9:5, 6) inom Toarpsdalen (Ulrice- 
amn) (Sandegren 1918). 

47) Tolken-issjéar (11 stadier) (pl. 6/8:4) inom Tolkens dal (Ulricehamn). 
48) Torestorp-issjéar (16 stadier) (pl. 6/8:4, 9:5—7) inom Torestorpsans 
al samt utmed Oresjédalens ostra sida till Klev i N (Kungsbacka) (Gillberg 
948, s. 470 — dstra delarna av davarande Oresji-issjéar ingd diri). 
49) Torsj-issjoar (6 stadier) (pl. 6/8:3) runt héjdomradet mellan Atra- 
[égvadsans dalar samt upp i dem till kartbladsgriinsen i N (Varberg). 
50) Ula-issjéar (13 stadier) (pl. 7/9:7) i Uladalen (Kungsbacka). 
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51) Varnum-issjoar (3 stadier) (pl. 6, /7—) 1 Varnumsdalen samt mindre 
dalsiinkor (Ulricehamn); motsvara pa pl. 9:6 nastan hela Nitta- (C33), Skabo- 
(C40) och Toarp-issj6n (C46). eu S ‘s 

52) Viared-issjéar (7 stadier) (pl. 7/9:6) inom Séderans och Viaredsjéns 
dalgang E om Bollebygd (Boras). ae i VL A 

53) Viesjé-issjoar (5 stadier) (pl. 7/—) inom Viesjéns dalsinka pa vastra 
sidan av dvre Atradalen (Ulricehamn). ; : 

54) Vannered-issj6ar (7 stadier) (pl. 6/8:4) inom Vannebosj6ns och 
Ljungadns dalging (Kungsbacka) (Gillberg 1945, s. 457 — davarande Van- 
nebo-issjéar inga diri). es : 

55) Asunden-issjéar (11 stadier) (pl. 6, 7/9: 5 6) utmed Atradalens vastra 
sida, fran Blidsberg i N till Svenljunga 1 8 samt in i Frisjédalen (Kungs- 
backa, Gislaved och Ulricehamn) (Gillberg 1945, s:-452, 1951 — motsvara 
ungefir davarande sista Atra-stadier men med stérre omfattning). 

56) Ommern-issjéar (8 stadier) (pl..7/—) i Ommerns dalsénka (Boras). 

57) Omosse-issjar (2 stadier) (pl. 6/8:4) inom mindre dalsankor 8 om 
Navasen (Kungsbacka) (Gillberg 1948, s. 470 — motsvara davarande Omosse- 
issj6arnas tva sista stadier). 

58) Oresjé-issjéar (6 stadier) (pl. 6/9:6, 7) runt och inom plataomradet 
mellan Viska-Oresjédalarna (Kungsbacka) (Gillberg 1948, s. 473 — motsvara 
davarande Oresjé-issjéar utom deras dstra delar). 


Som framgar av denna beskrivning, ha en del foraéndringar varit 
tvungna att gdéras betraffande de av mig 1945 och 1948 uppstallda 
iss]Osystemen. Justeringarna av de inom Viskaomradet forekommande 
issj6arna dro relativt obetydliga. Nagra fa system (t. ex. Barred-iss]6- 
arna) ha pa grund av annan gruppindelning tudelats; andra (t. ex. 
Backa- och Dammet-issjéarna) ha sammanslagits, da de synbarligen 
kunna ha utgjort ett gemensamt issjO6system. Utmed Halsjédalens norra 
sida och inom Oresjé-Tolkenomradet ha féraéndringarna blivit nagot 
stérre, eftersom isavsmaltningen da endast berérdes inom sjilva dal- 
straken, icke inom de angransande plataomradena. I huvudsak ha emel- | 
lertid namnen pa issjéarna bibehallits, blott antalet stadier och utbred- 
ningen ha narmare justerats. 

Inom Frisj6omradet kvarsta daremot endast de lokala Frisjé-issjéar- 
na, medan 6vriga forut redovisade system visat sig ingd i helt andra 
forband. Mest betydelsefullt ar givetvis, att icke nagot stadium av de 
baltiska issjéarna synes ha strackt sig fram till denna trakt. Isen och. 
darmed ocksa issjéarna hade under denna tid ett helt annat héjdlage 
inom undersékningsomradet an inom Sydsvenska héglandets centrala 
och ostra delar (jfr pl. 8, 9 med Nilsson 1953). Icke heller nagon hela. 
Atradalen omfattande Atra-issjé torde ha existerat. Liksom i évriga. 
dalstrak har is upptagit denna dal anda till sin upplosning, och pa 
grund av den langsamma uttunningen har fronten endast langsamt 
dragit sig tillbaka mot N. Att nagon enhetlig issj6 icke funnits i Atra- 
dalen framgar bl. a. av sedimentytornas strickvis mycket olika lut- 
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ning (Munthe 1910, s. 1224). Detta tyder klart pa att de uppkommit 
i skilda is- eller fornsjéar. 

Dessa resultat sta i skarp kontrast till Nilssons uppfattning om is- 
sjOarnas utbredning inom Sydsvenska héglandet (1953). Enligt denna 
skulle de sista aldre baltiska issjéarna ha natt fram till Atradalen samt 
en Atra-issj6 efter deras tappning ha uppkommit. Dessutom skulle en 
relativt rak, d6ver héjderna gaende isfront ha damt i N. Fér narvarande 
synas inga mojligheter féreligga att dverbrygga dessa motsattningar. 
Sannolikt torde utvecklingen inom de mer brutna trakterna mellan 
Atradalen och Vattern-Lagadalen vara avgérande for detta problem. 
Mojligen utgér detta parti en dvergingszon mellan det viistra resp. 
ostra avsmaltningsomradet. 


Isavsmaltningen och darmed sammanhangande 
problem 


Medan de glacigena avlagringarna i regel endast pavisa isavsmalt- 
ningens principiella férlopp samt delvis faststilla israndens lage och 
beteende vid vissa tidpunkter, kan framfér allt issjéutvecklingen ge 
mer detaljerade upplysningar dirom. For en mer exakt framstillning 
ar det emellertid nédvandigt att kanna issjéarnas inbordes aldersférhal- 
landen. Da nagra preciserade Artal icke finnas (se nedan), maste denna 
datering genomforas pa annat satt. Bl. a. genom en jimforelse mellan 
de relativa gradienterna ar detta méjligt. De flera ginger aterkom- 
mande reversionsfaserna i landhéjningen ha darvid varit av storsta 
betydelse for konnektionen. Issjéytornas successiva évergang i varandra 
och deras avloppsforhallanden ha ocksa bidragit till att saikrare fast- 
asa de olika stadiernas relativa tidsstallning (jfr pl. 6, 7). 

En detaljerad bild av issj6utvecklingen, d. v. s. dven isavsmalt- 
ingen, kan pa detta sdtt erhallas. Pa grundval dirav ha atta kartor 
ammanstallts (pl. 8, 9), belysande olika tidpunkter i detta handelse- 
orlopp. I nagon man tala dessa kartor for sig sjalva men flera detalj- 
érhallanden och dartill anslutande problem maste beréras. Lampligast 
ker detta genom en beskrivning av varje tidsfas. Dessforinnan maste 
mellertid nagra allmainna konstruktionsfragor diskuteras. 

Da kartorna varit tvungna att ritas 1 relativt liten skala (1 : 200 000), 
iar stark schematisering varit nédvandig. Issjéarnas utbredning har 
alunda varit betydligt mer slingrande, och sarskilt ute pa kustslatten 
orde isfronten varit mer loberad.* 

De relativt sma plataomradena vid évergangen till kustslatten samt 


1 Betriffande Viskadalen och angrinsande trakter, aro aven detaljerna i issjéarnas 
tbredning synliga pa de tidigare publicerade kartorna 6ver isavsmaltningen inom dessa 
mraden (Gillberg 1948, fig. 16—23). 
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ute pa denna ha tyvarr varit tvungna att lamnas darhan. De flesta 
besta pa hégre nivaer av blottat berg, varigenom strandlinjer aro svara 
att urskilja. Nastan samtliga ha visserligen besokts, och enstaka tyd- 
liga issjOnivaer ha konstaterats men nagra enhetliga stadier kunna 
knappast bestémmas. Dessa héjdpartier anges darfor pa kartorna som 
enbart uppstickande nunataker utan uppdéimt smaltvatten. 

Da en utredning av de marina strandytorna helt legat utanfor denna 
undersékning, maste havsytan pa samtliga kartor anges medelst MG. 
Detta betyder, att mer land i verkligheten forekommit under de skilda 
perioderna — sarskilt ute pa kustslaétten och inom héglandets yttre par- 
tier. For dalstrakens del torde denna felkonstruktion spela mindre 
roll, ty dalsidorna dro sa branta, att alltefter havets regression blott 
foga nytt land vunnits i horisontalled. 

Karta 1 (pl. 8). Vid tiden for den aldsta reversionsfasen i landhéj- 
ningen (G*). Submarina moréiner. 

Till allra storsta delen taicktes omradet av is. Endast inom central- 
zonen samt de hégt liggande plataomradena i SE hade flera toppartier 
framsmalt, runt vilka smaltvatten hade samlats i form av nunatak- 
sjOar av olika omfattning. Med ungefiir samma héjdlaige pa isytan, som 
indiceras av dessa issjéar, maste d4ven de E om Asunden belagna de- 
larna av Sydsvenska héglandet varit isfria. Som tillfalliga rekognosce- 
ringar ha utvisat, forekomma issjéstrandlinjer aven dar anda upp till 
de hégsta topparna. Men da undersékningarna icke Aro tillrackligt de- 
taljerade, maste issjéutvecklingen dar for naérvarande lamnas darhan. 
De sakerligen i takt med avsmaltningen W om Asunden framsmialta 
héjdpartierna utsittas dock for jamférelse, ehuru med streckad be- 
gransning. 

Isfrontens lige i SW ar visserligen endast approximativt men med 
stor sannolikhet har det ungefir framgatt efter denna linje. Om isytan 
mot brémet fortfarande haft den lutning, som anges av de sédra 18s}6- 
arnas héjd, skulle den natt davarande havsytan 6ver 1 mil langre ut i 
Kattegatt. Detta kan dock knappast ha varit fallet, ty dels tilltog 
sikerligen ytlutningen mot randen, dels maste en relativt kraftig bricka 
ha varit utbildad mot det éppna havet. Om darfér detta approxima- 
tiva israndslige ar riktigt, skulle isen ha mynnat med en 30—40 m hog 
bracka (jfr fig. 29). Detta synes fullt rimligt, och dessutom boérjar havs- 


bottnens brantare stupning omkring denna indicerade frontlinje. Just 


dir borde den férhallandevis tunna isen (lagt raknat 130—150 m mak- 
tig) lyfts och kontinuerligt brutits sénder. Pa grundval av studier av 
sjOkortens djupkurvor har dessutom Lindekrantz (1944, s. 770) tyckt 


sig finna bevis fér forekomsten av flera morinstrak just utefter denna 
linje. 
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Karta 2 (pl. 8). Vid tiden fér den andra reversionsfasen i landh6j- 
ningen (G*). Hallandsmoranen. 

Landskapsbilden var i princip densamma men alla férut isfria om- 
raden hade ékat i omfattning, och ytterligare toppartier hade fram- 
smalt. Sarskilt markant var denna férdndring i S. Visserligen hade isen 
annu ej helt koncentrerats till dalstraken men en viss lobering torde 
allmant ha kommit till stand. Betydligt stérre landomraden maste 
ocksa ha frilagts E om Asunden. Issjéarna voro fortfarande av nuna- 
taktyp men med vidstracktare utbredning. 

Utgaende fran samma premisser som férut betraffande ytlutningen 
och dirmed isbraémets lage, skulle isfronten nu ha framgatt ungefar 
langs (de yttre) mordnerna pa kustslatten. Brackan skulle haft en hdjd 
av over 30 m. Denna landhdjningsfas skulle salunda ha ekvivalerat 
med en tydligt klimatiskt betingad stagnation (jfr foregaende och fol- 
jande liknande perioder). 

Karta 3 (pl. 8). Fran aldre delen avy intervallet mellan féregiende 
(G*) och foljande (G*) reversionsfas i landhéjningen. 

Foérutom att allt flera toppar hade dykt upp ur isen, hade i S de tidi- 
gare framsmalta plataerna forenats till enhetliga partier. Isen hade helt 
koncentrerats till dalstraken som mer eller mindre breda lober, vilka 
dock pa kustslitten annu samlades till en sammanhangande ismassa. 
Alla sydliga issj6ar voro av marginal typ. 

Inom centralzonen hade landomradena ocksa ékat i omfattning men 
fortfarande voro flertalet issj6ar nunatakartade eller av platatyp. Bor- 
jan till koncentrering av isen till dalgangarna var dock pataglig. H om 
Atradalen hade ytterligare partier framsmiilt. 

Isfrontens lage har som i féregaende fall approximativt bestiamts till 
on linje nagot innanfér de inre Hallandsmordnerna. Brackans héjd 
synes annu ha varit éver 30 m. En skargard hade borjat utbildas utan- 
or isranden. 

Karta 4 (pl. 8). Fran yngre delen av intervallet mellan reversions- 
aserna G?—G?, 

_ Bade utefter norra och sédra delarna av Atradalen torde héjdomra- 
lena E darom ha framsmilt, si att isen utgjordes av en markerad lob. 
Jataomradena i SE hade ytterligare tilltagit i omfattning, och flera 
alistungor darigenom utformats. Nastan alla toppartier pa de mindre 
éjdomradena i S hade frilagts, likas& inom de vastra, ligre delarna 
v omradet. 

Inom centralzonen voro de stora plataerna flerstades helt isfria, och 
ven dar hade dallober utbildats. Dessutom hade manga héjdpartier 
& nordsluttningarna harom framsmalt. En férsta sirdelning av hela 
massan hade darigenom kommit till stand, och en nordlig isfront hade 
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borjat ta form med nedskjutande istungor i de mindre dalsinkorna. I 
dem skedde avsmiltningen i motlut, liksom ocksa inom ett par storre 
dalstrak inom den egentliga centralzonen. 

Endast W om Viskadalen samt har och var i N funnos nunatak- 
sjéar. I évrigt var smiltvattnet samlat till olika stora marginalsjéar. 
P& grund av istungornas form hade troligen manga av dem relativt 
stora éppna vattenytor. Isranden hade. ytterligare forskjutits mot N— 
NE, och allt flera partier pa kustslatten utgjorde dar i ishavet. Is- 
brackan synes fortfarande ha varit 6ver 30 m hog. 

Karta 5 (pl. 9). Vid tiden for den tredje reversionsfasen 1 landh6j- 
ningen (G?). Géteborgsmordanen. 

En markerad islob intog hela Atradalen men hade annu smala for- 
bindelser med ismassan i W. Inom sédra delen av dalen hade en forn- 
sjé utbildats upp mot Atraisens braim.1 

Anda fram till Savedalen i W voro nastan alla stérre plataomraden 
helt isfria.. Blott kring mindre toppartier funnos annu nunataksjéar, 
i Ovrigt forekommo ett stort antal marginalsjéar. Dessa torde ater 
varit smalare, da smaltvattnet icke langre nadde in pa sjalva plataerna 
utan helt inskranktes till de branta dalsidorna. Kring och W om Save- 
dalen var isen fortfarande enhetlig. Den norra isfronten hade ytterligare 
tagit form, och mellan den och centralomradets nordsluttningar var 
sannolikt relativt éppet vatten. Endast genom flera dalistungor upp- 
ratthélls fortfarande forbindelser med den sdédra delen av isen. Denna 
var annu relativt sammanhangande, iven om en allt starkare kon- 
centrering till dalgangarna kunde formirkas. 

Den yttre isranden stod i dalmynningarna mot kustslatten. Allt 
stérre skirgard hade utbildats, och blott NW om Lygnern var havet 
relativt 6ppet. Fixeringen till detta randlage torde fa anses fullt exakt, 
ty aven de marina strandytornas (von Post 1947) och MG:s (Gillberg 
1952) forlopp antyda denna frontlinje. Aven denna reversionsfas i land- 
héjningen sammanfoll salunda med en klimatiskt betingad stagnations-_ 
period i avsmialtningen. Isbrackan torde ha varit starkt reducerad utom 
i Sdvedalen och strax § hdrom, dar den annu hade en héjd av dver 30 m. — 
Detta stod sannolikt 1 samband med skirgardens omfattning. I SW var 
havet dppet, och en kraftig kalvning kunde aga rum. § hérom utgjorde — 
skargarden ett starkt skydd, varigenom isuppbrytningen nedsattes. | 
Isloberna nadde darfér lingre ut inom detta omrade. 

Karta 6 (pl. 9). Mellan foregaende (G?) och den sista (G) rever- 
sionsfasen i landhdjningen. 

Atradalens islob hingde samman endast med den norra ismassan. 


* Denna sj6 bor kallas fornsj6 och icke issjé, ty 4ven om den i N begrinsades av is, 
var dess naturliga passpunkt icke isdimd. 


ologiska Féreningens Férhandlingar Bd 78 


yews 
mt 


> to 00% 


mu“ 


TT Lm WT LL sed 


> 
E nd 
ry 


VMMéalébe 


NN 
SS 
> 
N 
N 
\ 
N 
N 
\ 
SS 
N 
\ 
N 
\ 
\ 
\ 
\ 
N 
N 
\ 
N 
N 
\ 
\ 
\ 
X 
N 
T NTT 


@ 

i a _,B60 

2 BS Al = 
2s = Soe OCU (tC CU Oe ee 
es Ba, BAS a Sheen | 
S OA ee a ee |. 
ees 45 | 
2 | lila | 

- ee le SS on a ee OU 

a = 

-¥ 4 & eee ai ah eg tO a) La ection ee ete EL RT? 
_ g mh 

— vl 5 

— 

“3s a 

oy oe ee a ee eS ee 

= 

o 

ct) 

—= 

“ 

wo 

oe 


B 
aT y 

a 

a 


C33, 
a 
mw 


C2I 


“ C8 

C3 = Bes 

B yy 

“a a 

WY YL Cc&@ EC eeeeeeeocoecceldleddeeeetekth ¢ Vy Le UL, Ug Cl 
F faa uy FA 

va) LI 
: gi 
a 

FO | 


MG 


i 


The successive gradients 


MG 


issjosystems relativa aldersstallning, successiva 


dvergang i varandra samt slutliga tappningar. Teckenforklaring se pl. 7 
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Karta 4. Utvecklingsstadium IV i avsméltningen. 
Stage IV of the deglaciation. 
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Karta 7. Utvecklingsstadium VII i avsmaltningen. Isfronten ldngs Berghemsmordnen. 
Reversionsfas G' i landhdjningen. 

Stage VII of the deglaciation. The ice front along the moraine-complex in the highland- 
valleys (”Berghemsmordnen’’). Reversion G' of the land elevation. 
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Stage Vill of the deglaciation. 
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Jen sddra fornsjén hade ytterligare utbrett sig mot N. Den norra is- 
ronten hade blivit allt tydligare, och blott en istunga utgjorde for- 
indelse med isen pa sydsluttningen av héglandet. Denna var fort- 
arande relativt bred men klart bunden till de djupa sydgaende dal- 
traken. Tydliga islober voro utbildade i deras yttre delar. Endast i 
évedalen och NW dirom var isen pa grund av den underliggande ter- 
angens ringa hojd annu forhallandevis enhetlig. 

De marginala issjéarna voro troligen ater bredare, da omfattande vi- 
ar och bukter existerade i mindre platadalar. Skdrgarden hade blivit 
torre, och kalvningen torde ytterligare minskat. Undantag utgjorde 
nnu randen utanfér Savedalen, dar blott fa dar hade dykt upp. Aven 
ar hade dock brackan avtagit i héjd. Isfrontens lage ar relativt val 
ixerat genom marginalsj6arnas utbredning och MG:s férlopp. 

Karta 7 (pl. 9). Vid tiden for den sista reversionsfasen i landhéj- 
ungen (G*). Berghemsmordanen. 

Atradalen var helt frilagd, och endast en mycket kort islob skot ned 
dversta delen. Utdver den sddra fornsjén hade aven en nordlig sidan 
ippkommit i Asundens djupbassang och dalpartiet N darom. 

En sydlig restis hade avskilts men den var av relativt ringa omfatt- 
mg. Pa grund av terrangens form var den uppdelad i tre delpartier i 
le tre djupaste dalstraken. Den egentliga ismassan var koncentrerad 
ul Savedalen och trakterna NW harom men dven den var klart 
oberad. 

De marginala issj6arna voro i regel breda och hade nu mer éppet 
ratten. Isranden ar som i foregaende fall klart bestaémd genom deras 
age och héjd samt genom MG. I nastan samtliga dalstrak uppbyggdes 
tora randdeltan. Ocksa denna reversionsfas utmarktes salunda av en 
tagnationsperiod i avsmaltningen. Isbriickans h6jd i de smala fjord- 
lalarna hade ytterligare minskat, och kalvningen torde ha varit ned- 
att till ett minimum. Detta giillde aven i Savedalen, ehuru ej sa 
narkant. 

Karta 8 (pl. 9). I yngsta gotiglacial tid. 

Fornsjéarna i Atradalen existerade sakerligen annu. Restisen kvar- 
4g Aven men hade ytterligare krympt samman och upptog endast 
Jiska-Halsj6dalen, méjligen ocks& dvre Storadalen. Den egentliga isen 
ar klart loberad i Savedalen och évriga dalstrak NW daérom. Brackans 
6jd torde varit obetydlig. De sista marginalsjoarna kring restisen voro 
annolikt, férutom i Frisjédalen, av mycket ringa omfattning; de ut- 
ned nordisen hade daremot betydande utbredning och stora 6ppna 
attenytor. 
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Kort sammanfattat har isavsmaltningen a4gt rum pa foljande satt 
Genast da de hégsta topparna déko upp ur isen, samlades smaltvattne 
i fickorna daéremellan i form av nunatakartade uppdémningar. Unde 
den fortsatta utvecklingen, vilken skedde genom successiv uttunning 
frilades allt stérre landomraden, och en allt starkare koncentrering a 
isen till dalstraken kom darigenom till stand (jfr Ahlmann 1942, s. 94 
De ursprungliga nunataksjéarna 6vergingo darvid, ofta 6ver vitt 
omfattande platdissjéar, till smalare eller bredare marginalsjéai 
Dammena utgjordes hela tiden ay isen sjalv, dér den kortare eller langr 
stricka lag i direkt kontakt med dalsidorna. Da uttunningen fortgat 
sa langt, att isen i dalstraken endast hade obetydlig vertikalomfattning 
synes i regel smaltvattnet ha legat pa samma hojd pa bada dalslutt 
ningarna, och ofta ha relativt stora, 6ppna vattenytor existerat. Mindr 
restisar ha har och var kvarliémnats i mindre dalsinkor. Pa grund a 
terrangens utseende kom t. 0. m. en stérre sadan att utbildas inom d 
djupare-dalgangarna pa centralomradets sydsida. Efter isens bort 
smaltning och de fullsténdiga avtappningarna ha de nuvarande sj¢ 
systemen uppkommit. I manga fall ha de dock haft stérre utbrednin 
i form av vittomfattande fornsjéar. 

Eftersom lateralskval forekomma 6verallt mellan MG och de hégst 
topparna, och for deras uppkomst narvaron av is ar en absolut forut 
sdttning, utgor deras upptradande en klar bekraftelse pa denna utveck 
ling. Aven de flesta formerna av glacifluvialt material samt den kullig 
ablationsmoranen dro ur flera synpunkter till sin utbredning icke féa 
enliga med nagot annat handelseforlopp (Gillberg 1956). Det end 
markliga ar, att de ha sa relativt ringa omfattning. Som avsmaltninge 
skett, borde sadana ackumulationer allmant férekomma i flertalet da. 
strak. Pa grund av skilda orsaker har dock materialet flerstiides fatt e 
annan form. I stallet for kullig ablationsmorin har mer eller mindr 
vattenpaverkad ytmoran utbretts mer konformt. Detta tyder bl. a. p 
att lange kvarliggande, helt déda isrester icke torde varit vanliga uta 
att den slutliga bortsmaltningen gatt relativt snabbt. Dessutom ha 
tydligen stor del av isens material icke blott bearbetats av smiltvatt 
net utan dven borttransporterats fére isens sénderfall. I hég grad ha 
detta varit méjligt genom att det tillfalligt eller mer langvarigt up} 
damda smiltvattnet avrunnit en-subglacialt. Darvid har aven det fra 
strandlinjerna abraderade materialet bortforts (Gillberg 1956). Upr 
samlande bottenilvar maste silunda ha varit mycket vanliga. 


* Principiellt ‘liknande avsmaltningsférlopp, ehuru betraffande betydelsen och for 
komsten av lateralskval, issjéar och olika glacigena avlagringar i detalj mycket vari: 
rande, har beskrivits av bl. a. Fuller (1904), Cook (1924), Charlesworth (1938), Flix 
(1928, 1929, 1930 b, 1933, 1935, 1936), Brown (1930, 1933), White (1932), Rice (1936 
Mannerfelt (1938, 1945), jfr Aven Reusch (191 ), Lundqvist (1935), Halden (1936). 
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Som alltid vid en ismassas uttunning har terrangen spelat en mycket 
stor, 1 manga fall avgérande roll (jfr Flint 1929, 1930 b, 1942, Lund- 
qvist 1935, Ahlmann 1942, s. 94, 1948, s. 64, Mannerfelt 1945). Liksom 
vid isframtringandet ha i férsta hand de djupa dalgangarna varit av 
betydelse (Gillberg 1955). I hég grad ha de fungerat som ledare for 
isen och icke blott lokaliserat de skilda loberna utan dven bestaémt for- 
loppet vid deras forsvinnande. Men detta har dven gallt smaltvattnet. 
De flesta issjéarna ha bade till form och utbredning influerats av dessa 
djupzoner, och den allmanna avvattningen har helt varit bunden till 
dem. Darigenom har aven ackumulationen av det glacigena materialet 
bestémts bade till form och lage. De flesta istungor avsmalte i medlut, 
nagra fa i motlut. En klar skillnad mellan dessa dalstrak ar markbar. 
I flertalet av de senare férekomma issjésediment eller as- eller sido- 
avlagringar, i de forra upptrada dylika ackumulationer mer sporadiskt 
och merendels blott inom centralomradet (Gillberg 1956). Inom ytter- 
partierna finnas de stora randdeltana eller de vitt utbredda finsedi- 
menten. I motlut bildades antingen inga bottendlvar och materialet 
avsattes in situ som issjésediment langs dalsidorna eller ocks4 kunde 
forekommande bottendlvar endast framflyta relativt kort stracka och 
det medférda materialet ackumulerades utmed dalsidorna eller mer 
fritt 1 dalen. I medlutsdalarna uppkommo konstant bottendlvar, som 
froligen haft starkt lopp. Endast lokalt inom centralomradet skedde 
dérigenom smirre avsdttningar i form av dsar eller kames. Det mesta 
materialet transporterades i stallet fram till isranden. Alltefter som 
lenna tillfalligt var stagnerad eller kontinuerligt recesserade, uppbygg- 
les randdeltan eller utbreddes finmaterial i fjordarna eller is-fornsjé- 
dackena. 

_ Aven vid en jamforelse av avsmaltningen inom smala resp. breda 
lalstrak framtrader deras betydelse for denna utveckling (Gillberg 1948, 
. 479). I de forra har isen varit mer intakt och i allménhet legat mycket 
ldrmare dalbranterna. Issjésystemen ha darigenom under den tidigare 
itvecklingen varit flera men samtidigt av mindre omfattning bade till 
edd och utstriéckning. Vid tiden foér isens upplosning har smiilt- 
rattnet lattare kommunicerat mellan bada dalsidorna, och mer enhet- 
iga issjOsystem uppstatt. Stérre éppna vattenytor ha endast férekom- 
nit lokalt. Lateralskval ha utbildats relativt allmant. Bottendlvarna 
a troligen varit smala och haft snabbt lopp, varigenom blott mindre 
ckumulationer kommit till stand. 

I de bredare dalgangarna dro antalet lateralskval avgjort mindre. 
setydligt enhetligare issjésystem ha tidigt uppkommit men a andra 
idan har smaltvattnet a4nnu nara isupplosningen kunnat intaga olika 
iv der pa de skilda dalsidorna. I regel ha issjGarna varit bade langre 
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och bredare, och 6ppet vatten varit mycket vanligare. Isens slutlig 
férsvinnande har synbarligen gatt snabbare an i de smala dalstraker 
Bottenalvarna ha sannolikt flutit lugnare men oftare andrat lopp. D 
subglaciala ackumulationerna ha diarfor stérre utbredning men aro me 
heterogena. Isen har salunda mer koncentrerats till de djupare mit 
partierna och blott har och var kommit narmare eller legat direkt me 
dalsidorna. 

En viss sarstallning intaga de markerade djupbassangerna. I allmanhe 
synes utvecklingen varit likartad den i de breda dalstraken men det slu 
liga sonderfallet avisen har skett mycket langsammare. Islober eller rest: 
darav ha ofta kvarlegat langre tid 4n i mer konformt sluttande dala 

I nagon man ha ocks& héjdomradena varit avgérande for avsmal 
ningen. En betydelsefull roll kom den hégre an nordomradet belagr 
centralzonen att utéva. Pa grund ay dess lige kom vid uttunningen € 
uppdelning av ismassan till stand. En nordlig isfront utbildades s 
smaningom, och sedan de sista vattendelarzonerna frilagts fran is, ble 
en mindre restis kvarliggande S om denna centralrygg (jfr delvis Wole 
stedt 1938, Mannerfelt 1945, s. 27). Dennas vidare d6den bestaémdes eme 
lertid av dalstraken. 

Den ursprungligen enhetliga ismassan avsmalte salunda genom su 
cessiv uttunning (jfr Flint 1929, Mannerfelt 1945, Ahlmann 1948), va 
vid ocksa pa grund av en viss ytlutning fronten kom att kontinuerli 
dra sig tillbaka.1 Da lateralt smaltvatten genast fran b6érjan samlad: 
eller avrann kring och lings de uppstickande topparna, maste ise 
redan da ha legat under firngrinsen.? Ovan denna dr en sadan utvee 
ling otaénkbar (Visser 1928, s. 183, Ahlmann 1935 a, s. 184, 1944, s. 64 
Mannerfelt 1945, s. 11). Ismassan var salunda redan vid denna ti 
punkt klimatologiskt dod (jfr Ahlmann 1942, s. 93, 1948, s. 64, Ma: 
nerfelt 1945, s. 9). Som sedan issj6utvecklingen gestaltat sig, framg: 
klart, att den sa paborjade avsmaltningen ven i fortsdttningen & 
rum pa detta sitt. Nagon fornyad lokalglaciation med starkt nedpre 
sad firngriins (von Post 1938, s. 449, Caldenius 1942, s. 182) har ie: 
kommit till stand, knappast ens varit mdjlig (jfr Ahlmann 1942, s. 9¢ 
De stora, klart klimatiskt betingade stagnationerna kunna darfor ic 
ha fororsakats av nagon dkning av ismassan inom omradet utan mas 
ha berott pa avstannande eller helt upphérande uttunning (jfr nedan 


* Utover denna frontrecession pé grund av ablation tillkom aven en sidan gen 
kalvning. Denna har dock i hég grad varierat och varit beroende av terringférhallande 

* Med icke alltfoér stor osannolikhet torde isen inom denna vistsvenska randzon rec 
langt dessforinnan behirskats av ablation, d. v. s. firngransen har tidigt pressats v 
mot N (jfr delvis Ahlmann 1942, s. 93). 

* Under dessa tidsintervaller kan diremot den egentliga landisen ha reagerat mi 
ékad tillvaxt men sannolikt var redan nu ablationsomradet sa stort, att nagon verkan: 
denna synpunkt icke kunde géra sig giillande vid den vistsvenska fronten. | 
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Forekomsten av stora randbildningar kan skenbart verka motbevi- 
sande men detta ar ingalunda fallet. For det férsta ha dessa element 
Overvagande uppbyggts vid stagnationer, icke oscillationer. De best’ 
dessutom merendels avy ostért isilvsmaterial. Ute pa kustslatten, vid 
dalmynningarna mot denna samt har och var inne i vissa dalstrak 
upptrada dock tydliga randmoriiner eller randbildningar av oscillatorisk 
karaktar. Men sadana kunna ha uppkommit aven under ovannimnda 
avsmaltningsforlopp. Att en ismassa ar klimatologiskt déd, behdver 
icke betyda, att den ocksa ar dynamiskt déd (Ahlmann 1942, s. 94, 
1948, s. 64, Mannerfelt 1945, s. 9). En transport framat sker aven langt 
fran det egentliga ackumulationsomradet, och ar underlagets lutning 
dessutom relativt stor, kan den lokalt och tidvis bli mycket omfattan- 
de, och darigenom stora randkomplex komma att utbildas (Gillberg 
1956). Isen som helhet torde ha varit passiv redan, da de hégsta top- 
parna smalte fram. Fronten har daremot vid flera tillfallen, sarskilt 
under aldsta tid, pa grund av kombinerade klimatiska och topografiska 
forhallanden uppvisat en fornyad aktivitet (Gillberg 1956). Hade isen 
fran bérjan varit aven dynamiskt déd, skulle sikerligen utpriglade 
randelement varit mycket sillsyntare, och i stallet kullig ablations- 
morin och liknande glacifluviala avlagringar fullstandigt dominerat. 

_ Att isen i regel var dynamiskt levande anda till sitt sdnderfall, pa- 
isas Aven av att smaltvattnet kontinuerligt samlades mellan isen och 
le framsmalta landomradena. Om den tidigt varit helt utan rérelser, 

skulle forekommande sprickor kommit att sta déppna, och allt vatten 

enast forsvunnit en-subglacialt (Tarr 1909, s. 66, von Engeln 1911, 
146, Flint 1930 a, s. 629, von Klebelsberg 1939, s. 41, Woldstedt 

39, Mannerfelt 1945, s. 16). 

Av betydelse for denna utveckling har aven isens maktighet och lut- 

ig varit, di hastigheten adr proportionell mot dessa faktorer (Demo- 

¢ 1943, s. 375, Wennberg 1949, s. 168). Eftersom ismassans inom 
wadet gradient endast foga andrats under avsmiltningen (se nedan), 

e hastigheten successivt ha avtagit i takt med den kontinuerliga 

unningen, Frontens aktivitet, som sikerligen bast torde framtratt 

| de klimatiskt betingade uppehdllen, borde med andra ord ha varit 
érre under de dldre skedena, allt mindre mot upplésningen. Detta 
ar ocksa fallet, ty de yttre randkomplexen aro klart mer oscillatoriska, 

» inre ndstan enbart stagnationsbildningar (Gillberg 1956). 

Tad slutligen betraffar uppkomsten och avsmaltningen av den sédra 
stisen, har detta problem egentligen redan fullt behandlats. Nagra 
erligare ord daérom aro dock befogade, da denna is pa grund av 
lda orsaker dverskattats, och hela denna undersdkning ursprung- 
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ligen kom till stand fér att utreda denna utveckling.! Att en restis upp 
kom i detta lage, maste emellertid anses som nastan sj alvklart pa grunc 
av forekomsten av denna hoga centralzon. Vid den successiva uttun 
ningen, varvid férst de hogst belagna delarna framsmilte, maste dari 
genom en storre eller mindre isrest komma att avskiljas. Icke helle 
ifraga om dess forsvinnande, som utan tvekan gatt langsammare 41 
den W harom belagna delen av landisen, behdver synbarligen nagr: 
krystade férklaringar tillgripas. Aven i detta fall ha terringforhallan 
dena ytterst varit orsaken dartill. I dessa smala fjorddalar maste del 
vagerosionen starkt ha nedsatts, dels havsvattnets smaltverkan ha bli 
vit minskad genom att en kraftig utsétning agde rum pa grund a 
konstant tillforsel av smialtvatten (jfr Horner 1927, s. 94). Kalvninge 
har med andra ord haft mycket ringa inflytande pa recessionen. Ave 
den egentliga uttunningen synes dock varit nagot retarderad i jam 
forelse med W harom (se nedan) men detta kan i vilket fall icke ha be 
rott pa nagon tillfalligt 6kad ackumulation eller utbildandet av nage 
lokalt glaciationscentrum (jfr ovan). 


Utéver ovanstaende, mer direkta avsmaltningsproblem kunna ave 
andra nirliggande fragor upptagas till diskussion. Betraffande isytar 
lutning, synas vanligen lateralskvalen bast kunna ge upplysning daron 
Inom omradet ar emellertid denna méjlighet i det narmaste uteslutes 
och blott ett mycket approximativt virde ej] dverstigande 1: 100 ka 
anses troligt (jfr s. 369). 

En uppskattning av isytans gradient synes aiven kunna erhallas me 
hjalp av samtidiga issjéars hdjdlage. G. Frédin torde ha varit de 
forste, som utnyttjat denna metod i anslutning till undersdkningar ¢ 
jamtlandska issjéar (1913, s. 27, 1914, s. 17, 1915). Han anvande s 
da av héjden pa de senares laterala avloppsparti, dir resp. issj6 oc 
den dimmande isen i det naérmaste borde ha legat pa samma niv 
Givetvis kunde detta endast ifragasaéttas vid den ligsta tiénkbara hé 
den for diimmet. Da emellertid flera av dessa avlopp snart sokt sig ne 
under isytan, kunde hansyn tagas blott till det allra dversta pas 
punktspartiet. G. Frédin fastslog vidare, att ett matt pa den verkli; 
islutningen endast kunde erhallas utmed dalsidor, parallella men : 
rorelsen. Da avloppet ej hade sadant lage, maste den primira margin: 
gradienten dverforas till ett motsvarande maximalt varde.? 


1 Eftersom denna restis varit av relativt ringa omfattning, synas inga skal forelig 
att infora nagon sarskild benamning pa den (von Post, manuskript). Givetvis finns ic 
heller nagon anledning, vilket ursprungligen var meningen (jfr cit. litt. Gillberg 195 
att uppkalla hela denna avhandling efter denna is. 

2 Som namnet anger, giiller detta resonemang lutningen utefter sjilva iskanten. Iss 
éveryta lag sikerligen, liksom pa nutida glaciiirer, nagot hégre men den torde doc 
princip ha haft ungefir samma gradient. 
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Vid konstruktionen onvanda issjonivaer 
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fig. 29. Israndens lage samt isytans héjd och lutning under skilda utvecklingsstadier i 
smaltningen (I—VIII, jfr pl. 8, 9). Heldragen linje = utmed Viskans-Nossans dal- 
system. Dubbel linje = utmed Sivedalen. 
@ position of the ice front and the height and gradient of the ice cap during different stages 
the deglaciation (I—VIII, cf. pl. 8, 9). Continous line = in the Viskan-Nossan valley 
system. Double line = in the Sdven Valley. 


Av ovannamnda premisser dr tveklést det mest avgérande for denna 
aga, hur de olika issjéarna férhallit sig till isytan. Eftersom isen sjalv 
gjorde dimme fér de typiska marginalsjéarna, torde knappast nagra 
e nivaskillnader ha forelegat vid deras laigsta (sydligaste) pass- 
kter (Gillberg 1948, s. 483). Nutida liknande issjoar pa t. ex. Island 
aémmas salunda till sin héjd helt av isytan (Thorarinsson 1937, s. 
. Om detta ocksa gillt nunataksjéarna, kan daremot ifragasattas. 
manga fall torde de ha kunnat ligga betydligt under den omgivande 
ens Overyta. Fér en mycket approximativ uppskattning av islut- 
ngen synes emellertid denna eventuella felkalla kunna lamnas dar- 
n. Issjéar, vilkas avlopp bestémts av terrdingbetingade passpunkter, 
helt uteslutna i detta sammanhang. 
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punkter i omradets utveckling. Pa kartorna over olika avsmiltnings 
skeden (pl. 8, 9) har med punkterade linjer isytans approximativa niv. 
angivits i m éver nuvarande havsytan. | verkligheten ar detta isobase 
for iss]6arna men enligt ovanstaende diskussion visa de aven minim) 
vardena pa isytans lige och darigenom dess lutning. Pa fig. 29 ha dess 
forhallanden askadliggjorts, sedda fran sidan. Huvudlinjen ar lagd ut 
efter Viskans-Nossans centrala dalsystem. Dessutom har vid de senar 
stadierna motsvarande isyta i Sévedalen medtagits (6ppen linje). For 
utom att alla issj6ar angivits, vilka anviants for denna konstruktion, h 
forekommande randelement utsatts, likasai davarande havsytan. Lin 
jerna fér de frontala bildningarna och isranden sluta vid nivan for nu 
varande dalsedimentens dveryta. Da emellertid isen maste ha natt ne 
till den egentliga dalbottnen, har detta framhavts genom en strecka, 
fortsattning. 

Av detta diagram framgar foljande. Vid samtliga tidpunkter har ise 
haft en nagot storre lutning i de djupare, sydgaende dalstraken, e 
nagot flackare inom de mindre branta dalsystemen inom centralzone 
och det jimnare nordomradet. Genomsnittsvardet ligger mellan 0,35— 
0,25: 100 (Gillberg 1948, s. 483). Allt eftersom uttunningen fortsatte 
har en svag utflackning agt rum. Under de fyra férsta stadierna, d 
isen var relativt sammanhiéngande dver hela omradet, synes isytan 
lage och lutning ha varit likartad inom alla delpartier. Efter uppde. 
ningen i skilda ismassor och dalbundna lober har nastan varje istung 
reagerat olika och intagit skilda rand- och héjdlagen. 

De flesta dalsystem luta mot 8, d. v. s. i isens egen lutningsriktning 
och deras gradient synes i genomsnitt vara mellan 0,2—1,0: 100. Iser 
avsmaltning har salunda skett 1 medlut eller varit nastan platt. Endas 
inom central- och nordomradena ha nagra dalar motsatt riktning, oe 
isen har dar avsmalt 1 motlut. Som Mannerfelt visat (1945, s. 110 
har underlagets utseende varit av stérsta betydelse for recessioner 
d. v. s. da denna enbart var beroende av ablation. Férekom kalvning 
har utvecklingen vid randen blivit annorlunda (jfr ovan). 

Av intresse kan vara att jaémféra dessa lutningsvarden med liknané 
fran andra nedisningsomraden (jfr Antevs 1928 a, kap. III). I Sverige 
har G. Frédin medelst samma metod fatt en ytlutning av 0,75—1 : 1€ 
(1915, s. 146). Senare har han genom gradienter pa olika lateralskvs 
erhallit viérdena 1,5—2,0: 100 (1925, s. 154) men antar, att dessa ha: 
rora fran lokaler narmare isranden. Mannerfelt (1945, s. 142, 214) he 
genom ett stort antal matningar av lateralbildningar kommit fram ti 
en medellutning av 1—3: 100 nara randen och <1: 100 langre in ¢ 
isytan (c:a 0,5: 100 enligt vissa stréingt laterala skval). Pa helt anna 
grundval har Wennberg (1949, s. 136) fatt ett genomsnittsvarde a 


' 
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0,30—0, 35 : 100 pa lutningen i Skane. I Finland har bl. a. Tanner med 
hjalp av lateralskvalens gradienter bestamt motsvarande matt till 2— 
2: 100 (1915, 1928, s. 12, 1934. gs. 14), och 1 Norge har Holmsen pa lk- 
nande satt uppskattningsvis fatt viardet 2:100 (1918, s. 72). Fran 
Amerika foreligga bestémningar av bl. a. White (1932) och Lobeck 
(1939, s. 287). Den forre anger lutningen till 0,2: 100, den senare till 
omkring 1: 100. Inom nutida glaciationsomraden ha matningar gjorts 
pa bl. a. Groénland av Nansen (1890) (0,5—0,8: 100) och Meinardus 
(1934) (0,3—1,5: 100) samt pa Island av Ahlmann-Thorarinsson (1937, 
pl. III) (omkring 2 : 100). 

Dessa virden aro mycket divergerande, och vart och ett kan siker- 
igen trots olika metoder for bestaémningarna vara exakt. Detta visar 
bydligt, att skilda matt pa islutningen aldrig kunna direkt dverféras 
fran ett omrade till ett annat samt att stora skiljaktigheter maste ha 
forelegat t. o. m. relativt narbeldgna ismassor emellan. Med stor sanno- 
ikhet har detta berott pa av skilda orsaker betingade olikheter i av- 
maltningen. Att darfér med ledning av férhallandena inom t. ex. 
inders6kningsomradet forséka uppskatta isytans héjd inom de centra- 
are delarna av nedisningsomradet ar knappast genomférbart. 

Det andra problemet, som kan diskuteras i anslutning till isavsmdlt- 
ungen, rér ablationen och recessionen. Den férras relativa forlopp och 
torlek synes atkomlig under samma forutsittning som vid bestimman- 
let av isytans lutning (Gillberg 1948, s. 484). Eftersom de flesta 18s] 6- 
ra till sin hojd bestamdes ay isen sjalv, maste avstandet mellan skil- 
a stadier icke blott utvisa smiltvattnets successiva sinkningsniva 
tan dven hur mycket isen avtagit i tjocklek mellan varje stadium 
Phorarinsson 1937, s. 193). Detta betyder, att en strandforskjutnings- 
urva for allt yngre issj6ar ocksa framhdver isens kontinuerliga uttun- 
ing, d. v. s. ger ett approximativt varde pa ablationen. Liksom for 
ppskattningen av islutningen, maste en dylik kurva upptas vid loka- 
n for lagsta dimmet. 

Pa fig. 30 ha nagra sadana strandférskjutnings-ablationskurvor upp- 
ittats. Da tidsskalan endast dr relativ, grundad pa issjésuccessionens 
adienttal (jfr s. 435), aro de verkliga tidsliéngderna mellan olika issjé- 
adier okinda. Eftersom landhéjningen i princip avtagit mot nutiden, 
rde allt langre tid ha forflutit mellan tvenne intensitetsgrader i denna. 
x att nagot kompensera denna olikformighet, har avstandet mellan 
e sadant intervall successivt dkats. Den storsta felkallan kan emel- 
id ligga 1 bedémningen av de tidvis aterkommande reversionsfaserna. 
langvariga dessa perioder ha varit, och om nagon skillnad i tid in- 
es forelegat dem emellan, finns for nérvarande ingen mojlighet att 
ra. Pa tidsskalan ha de darfér gjorts lika stora, och deras relativa 
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Fig. 30. Relativa ablationskurvor fran skilda lokaler. 
Relative ablation curves from different places of the area investigated. 
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angd i forhallande till mellanperiodernas sannolikt gradvis dkade tids- 
matt ar rent godtyckligt vald (ett approximativt medelviarde). 

Dessa kurvor béra salunda behandlas med stor forsiktighet men i 
huvudsak torde ablationens principiella férlopp framtrida. Det mest 
wnmarkningsvarda synes vara, att uttunningen vid tiden fér reversions- 
aserna i landhéjningen starkt nedsatts. Helt upphért har den icke men 
avtagandet var synnerligen markant. Detta stammer val dverens med 
att de stora randkomplexen da uppbyggdes. Stagnationstid i recessio- 
ven har salunda varit liktydigt med reversionsfas i landhéjningen 
Gillberg 1952). Av kurvorna synes vidare, att uttunningen efter varje 
sadant avtagande ater skett med stor intensitet men att den sedan 
uccessivt minskat fram till nasta uppehall. En jamforelse av mellan- 
serioderna inbérdes visar dessutom, att ablationen mellan de bada 
yngsta samt efter den sista reversionsfasen varit betydligt stérre och 
sannolikt aéven snabbare an mellan de bada 4ldsta. Tre férklaringar 
lartill synas méjliga. Denna stegrade uttunning-recession kan enbart 
serott pa en alltmer avtagande maktighet hos isen och allt mindre till- 
orsel till randen (Ahlmann 1935 b, s. 663). Eller ocks& kan den redan 
ntraffade klimatférbattring, vilken betydde den glaciala cykelns re- 
gression, nu aven hunnit paverka isens inre delar, vilket i sin tur har 
medfért en allt kraftigare tillbakagang av isfronten (Ahlmann 1935 b, 
. 663). Slutligen féreligger den mojligheten, att detta skede verkligen 
itmarkts av en fornyad och an mer markant klimatférbittring. 

_ Av diagrammet 6ver isytans lutning (fig. 29) framgar ocksa vissa 
letaljférhallanden rérande ablationen och recessionen. Bl. a. har tyd- 
igen under isens upplésningstid en markerad skillnad férelegat mellan 
Sive- resp. Viskadalen, d. v. s. mellan den egentliga landisens sydlob 
esp. den avskilda restisen. Sa linge som isen var nagorlunda sam- 
nhangande éver hela omradet (t. 0. m. stadium 4), ha bada foéreteel- 
na fdljt varandra relativt konformt. Efter sardelningen i allt mer 
rata islober har ablationen blivit olika stor och recessionen gatt, 
snabbt inom skilda dalpartier. Mellan stadierna 4 och 5 avtog 
loben i maktighet omkring 20 m, Viskaloben c:a 15 m. Recessio- 
1 var nara 2 mil resp. 6 km. Mellan stadierna 5 och 6 4ro motsvaran- 
virden for uttunningen 20 resp. 14 m, for recessionen 14 km resp. 
0 km, mellan stadium 6 och 7 dro de 25 och 20 m resp. 14 och 12 km 
amt mellan stadium 7 och 8 uppga de till 30 och 25 m resp. 21 och 8 km. 
Redan tidigt har silunda avsmaltningen varit mindre och gatt lang- 
ammare i Viskadalen. Efter restisens avskiljande accentuerades detta 
n mer. I nagon man kan atminstone den snabbare recessionen 1 Sdve- 
ulen férklaras med att en mycket kraftigare kalvning agt rum pa 
rund av éppet vatten utanfér isfronten (jfr ovan). Viskaloben skyd- 
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dades daremot av stor skargard. Aven dennas uttunning har dock vari 
retarderad. Men som redan diskuterats, behéver detta icke betytt na 
gon dkad ackumulation eller nedpressad firngrans. En alltmer och slat 
ligen helt isolerad is, som visserligen icke ar dynamiskt déd, kan oft 
trots likartade klimatforhallanden eller t. 0. m. férbattrade sadan 
kvarligga betydande tid efter det att den egentliga isen forsvunnit fra 
narliggande trakter. 

Om slutligen nagon skillnad i avsmiltningens forlopp och hastighe 
forelegat mellan hela det vastsvenska och méjligen redan da mer mar: 
tima omradet 4 ena sidan samt de éstra och kanske mer kontinental 
delarna av Sydsvenska héglandet 4 den andra, dr daremot omdjligt at 
for nairvarande uttala sig. Férst da utvecklingen i detalj klargjorts ave 
i E och full konnektion till tiden erhallits mellan bada omradena, ka 
detta problem upptas till behandling och eventuella olikheter disku 
teras. 


Landhoéjningen 


Strandlinjeanalysens huvudproblem dr som bekant ett utredande a 
strandférskjutningen och dirmed ven landhdjningen. Sedan lange ar 
de skilda komponenterna dari principiellt klarlagda, namligen dels de 
generella isostatiska rérelsen (Bravais 1842, Jamieson 1865, De Gee 
1888), dels dennas olikformighet (Bravais 1842, Sars 1865, Uphar 
1884, Gilbert 1885 b, De Geer 1888), dels den eustatiska faktorn (Macle 
ren 1842, Tylor 1868, Penck 1882, 1922, Daly 1910, 1915, 1925, Nanse: 
1922, Ramsay 1924). Betraffande landhéjningen som sadan, anse eme. 
lertid vissa forskare ha funnit, att denna ar betydligt mer komplicera: 
ain en enbart avtagande aterhimtning efter isbelastningen. Sauram 
har salunda tyckt sig kunna pavisa s. k. ledgangar, pa vilkas bad 
sidor landhéjningen skett med olika intensitet (Sauramo 1942, 194¢ 
1945, 1947, 1949). Som benémning har han upptagit det av Goldthwa: 
(1908, s. 473) lancerade begreppet »hinge line» men ayser ej exakt det 
samma som de amerikanska forskarna. Enligt de senare ligga stranc 
linjerna horisontellt utanfor dessa gangjirn, medan de innanfoér lut 
med skilda gradienter (Taylor 1915, s. 502, jamte dar cit. litt., Louge 
1953, jfr Flint 1947, s. 416). »Hinge line» ar dar ungefir detsamma sox 
ytterlinjen (-erna) fér landhéjningen. Sauramo anser daremot, att lec 
gangarna aro brytningslinjer inom héjningsomradet, d. v. s. samm 
strandniva har mindre lutning utanfor, stérre sidan innanfér dem. Tx 
dylika »hinge lines» skulle finnas, och de bada dldsta 6verfor han dave: 
till Sverige, dér de skulle framga ungefér ver Skane och lings Got 
borgsmoranen resp. vid det mellansvenska randstraket (Sauramo 1943 
s. 59). . 
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Pa basis av Viska- och Hallandsundersékningarna ansag sig aven 
von Post (1938, 1947, 1952) kunna konstatera tydliga avbrott i den 
kontinuerliga landhéjningen. Vid flera tillfallen under sen-postglacial 
tid skulle snabbt dvergaende stérningar ha aigt rum, vilka han benimnt 
ychocker». Héjningen skulle icke blott ha avstannat utan aven forbytts 
i verkliga landsinkningar. Isostatiskt fororsakade transgressioner ha 
darigenom intraffat. Mycket snart bérjade héjningen anyo men nu med 
dkad intensitet. Davarande isobasytor ha darfér storre lutning an de 
strax ovantor liggande aldre nivaerna. Pa diagrammen framtrader detta 
pa sa satt, att de forra Gverskara de senare inom deras inre delar. De 
sustatiska transgressionerna ha diremot alltid berért de dldre strand- 
ytornas yttre delar. 

Liknande foreteelser har aven Florin (1944, 1948) funnit registrerade 
Sédermanlands strandférskjutningskurva. De s. k..undulationerna in- 
licerar han namligen som klart isostatiska. 

Motsattningarna mellan Sauramos och von Posts teorier aro salunda 
tora och synas ytligt sett svara att éverbrygga. Tolkningarna av de 
skilda strandnivaerna och transgressionsvagorna bli mycket olika. Prin- 
ipiellt torde emellertid skillnaderna icke vara s& markanta. Bade 
jauramo (1942, s. 249, 1944) och von Post (1947, s. 312, 1952, s. 222) 
mse, att dessa snabba uppvippningar ha berott pa elastiska form- 
Grindringar i motsats till den normala plastiska aterhimtningen (jfr 
Jaly 1934). Vad som emellertid komplicerar denna fraga, ar tydningen 
iv det mellanliggande Sydsvenska héglandets héjning. Enligt Nilsson 
1953, s. 232) skulle dar en jémn, mot nutiden kontinuerligt avtagande 
terhamtning av jordskorpan ha agt rum. Nagra diskontinuiteter skulle 
ned andra ord icke vara registrerade. 
 Betraffande mina egna undersékningar, har pa grund av mangfalden 
V issj6nivaer aven landhéjningen kommit att inta en central plats i 
roblemstallningen. Fére en diskussion av resultaten av strandlinje- 
alyserna maste emellertid ett par andra fragor beréras. Den forsta 
er gradientlinjerna. Hur noggrant an avvagningarna ske, och aven 
m alla profiler uppmitas med tub, foreligger alltid pa grund av strand- 
njernas morfologiska utbildning en viss felkilla, som gor att gradien- 
ma knappast bli fullt exakta (jfr kap. strandlinjer). Detta torde vara 


Ilet, dven om medelvarden utraknas pa avstandet mellan varje punkt 
ler om horisontell avvagning skett av vissa nivaer. Om en isobasyta 
jar t. ex. 8 eller 8,5 m per mil gar salunda icke klart att avgora. Var- 
na som sidana ha darfor endast betydelse for jémférelser med andra 
raer. Vad som daremot ar av storsta vikt, ar om diskontinuiteter av 
igot slag kunna konstateras. ak 

Jamtliga issjOytor torde vara isokrona. Nagra eustatiska stigningar 
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synas nimligen icke ha férekommit. Detta giller kanske icke alla is 
sjéar men ifraga om marginala kantsjéar torde en sadan méjlighet var. 
helt utesluten.! Fér dem fungerade isen sjilv som passtroskel, och dera 
hdjd bestiimdes i regel av isytans lage. Efter tillfalliga (eller arliga 
tappningar kunde sadana marginalsj6ar visserligen ater fyllas men dett 
skedde sakerligen allra hogst upp till den forna nivan, Om emellertis 
eustatiska transgressioner skulle ha forekommit, ar detta knappas 
mojligt att direkt pavisa pa grund av avsaknaden av lampliga sediment 

Redan i Frisjéavhandlingen (Gillberg 1945) ansig jag mig kunn 
konstatera férekomsten av diskontinuiteter. Tva sidana syntes fore 
tridda, naimligen mellan davarande stadierna C? och C* samt mella 
G8 och C4. Viskaomradets issjéytor pavisade detta forhallande a 
tydligare, och tre sadana aterslag i landhdjningen voro registrerad 
(Gillberg 1948). Da de aven syntes framtréda i MG:s férlopp i form a 
antiklinalartade stigningar, kom den detaljerade undersdkningen a 
denna niva i vastra Sverige till stand (Gillberg 1952). Som denna ut 
redning visar, ha dylika MG-antiklinaler utbildats vid atminstone tr 
tillfallen under senglacial tid. Sannolikt kunde aven en 4ldre, fjard 
sidan sparas i Halland. Alltefter laget inom den vastsvenska avsmah 
ningszonen bendmndes dessa reversioner! F (finiglacial), GF (vid dove: 
gangen mellan fini-gotiglacial tid), G1 och G? (i yngre gotiglacial tid 

Aven har redovisade issjésystem registrera flera sadana aterslag, vi 
ka pa diagrammen framtrada i form av brantare yngre isobasytor (j 
fig. 24-28). Gradientlinjerna i allmaénhet kunna méjligen dragas f 
annat satt, men dessa starkt lutande, delvis 6verskiérande nivaer syné 
vara ofrankomliga. Med hjalp av issjéarnas utbredning, avloppsforha 
landen samt andra avsmiltningsbildningar kunna dessa reversionsfass 
relativt latt konnekteras med varandra inom hela omradet. Fyra sadar 
ha forekommit, och pa grundval av isavsmiiltningens och MG:s forloy 
i Savedalen upp till Billingen kunna de dateras till gotiglacial tid (ell: 
ainnu aldre). De forut kinda Gt- och G?-reversionerna (Gillberg 195 
ha salunda féregatts av (minst) tva aldre likartade. I anslutning t 
redan genomfoérd benimning kallas de G* resp. G*. GF-reversionen : 


* Stora 6ppna issjéar, vilka dimts av is blott utmed en sida samt vilkas avlopp va 
terriingbetingade, torde kunna ha transgredierat upp 6ver aldre strandnivaer anting 
pa grund av nya uppdimningar genom isframstotar eller pa grund av stor och sna 
tillférsel av smiltvatten (jfr bl. a. Sauramo 1937, s. 20, 1942, s. 226, 1945, s. 44). 

* Dessa diskontinuiteter har jag tidigare kallat retardationer (Gillberg 1948, 195 
Detta ord air dock knappast lampligt, eftersom det betyder ett avtagande skeende. J 
har darfér i stallet infort benimningen reversion (lat. reversio = omvandning, at 
komst) for att framhava en Aterkomst av redan passerade stadier i landhéjningsintensitet« 

Q Som framgar av fdljande kapitel, kan aldsta delen av avsmaltningsférloppet inc 
omradet ha utspelats i daniglacial tid. G*-, mdjligen ocksA G-reversionen skulle da t 
hért denna period. Har detta varit fallet, maste de givetvis i stillet benimnas D? re: 
D‘. Da emellertid denna datering annu ej kan anses fullt belagd, bibehdller jag den ge 
glaciala beteckningen. 
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daremot icke registrerad av omradets issjésystem. De sista isresterna 
hade dessférinnan bortsmalt. Detta torde dock ha skett alldeles fore 
denna tidpunkt, ty i Viska-Halsjéfjordarnas innerspetsar visar MG den 
antiklinalartade stigningen av denna GF-reversion (Gillberg 1952, s. 87). 
Landhéjningens forlopp askadliggérs bast med en kurva. En vanlig 
strandforskjutningskurva ger eagiorad har inga upplysningar dirom. 
Eftersom varje yngre issj6 intog lagre niva an nairmast foregdende aldre 
stadium, skulle en dylik eee endast successivt sinka sig fran den 
Oversta Aldsta till den nedersta yngsta issjénivan. I stillet maste en 
kurva konstrueras, vilken visar de olika isobasytornas gradienter, d. v. s. 
intensiteten i landhéjningen. Medan x-axeln visar tiden, bér y-axeln 
uttrycka antingen direkt sjalva lutningen eller denna omraknad i vin- 
kelvarden i forhallande till horisontalplanet. Eftersom inga exakta ar- 
fal dro tillgiingliga, och icke heller de fa approximativa vardena bora 
fragakomma, far tiden uttryckas genom successionen av skilda issjé- 
stadier. Da varje lagre niva var yngre an narmast féregdende, kan 
jetta ske medelst deras héjd éver havet. Som exempel ha tre dylika 
curvor uppgjorts, deriverade fran distansdiagrammen fig. 24—28 (fig. 
31). Da emellertid de olika botten resp. toppvardena i landhéjnings- 
ntensiteten icke alltid aro representerade vid varje enskild lokal, bor 
ycksa en sammanfattningskurva konstrueras (fig. 32). Tiden kan dar 
cke anges genom issjOarnas hojd 6ver havet utan far uttryckas genom 
. €X. issjOsuccessionens gradientvarden (jfr s. 429). Liksom pa abla- 
jonskurvorna dro salunda tidsintervallerna blott approximativt an- 
fvna. Den justering, som sannolikt skulle ske i sidled (d. v. s. ur tids- 
ynpunkt), om exakta dateringar funnos, torde dock spela mindre roll 
or tydningen av denna kurva. Forekommande reversionsfaser komma 
imligen i i vilket fall till synes och troligen ocksa med riktig omfatt- 
‘ing i intensitet. 
Av denna kurva framgar féljande. Minst fyra ganger har landhdj- 
gen avbrutits. Efter ett avstannande och en troligen snabbt éver- 
de sinkning har den ater satt in med 6kad kraft. Vid tiden for de 
a issjOarna var héjningen visserligen kraftig men efter G*- resp. 
reversionen tilltog den varje gang i styrka och nadde sin hogsta 
ansitet strax efter den sistnamnda fasen. Diarefter har den succes- 
avtagit men ater avbrutits tva ganger, varvid den dock aldrig natt 
) till féregaende toppvarde. Mellanpartiernas langd varierar ocksa 
fas till fas. Synbarligen ha de varit betydligt kortare inom upp- 
en till den hégsta héjningsstyrkan, mycket langvarigare inom den 
efter foljande nedgangen. Allt langre tid har alltsa forflutit mellan 
je ny reversion, och dessa ha 4 sin sida blivit av allt mindre om- 
ittning. Bade lokal- och sammanfattningskurvorna 6verensstémma i 
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Fig. 31. Intensitetskurvor fér landhéjningen. Den G6vre fran sédra (St. Backa, E c 
Oxabick), den mellersta fran centrala (Sjébo, N om Boras) och den nedre fran nor 
delen av omradet (Holmen, 8S om Molla kyrka). —A 34— ete. = Vid konstruktionen # 
vanda issj6system. G*—G! = reversionsfaser i landhéjningen. 

Intensity curves of the land elevation. The upper curve refers to the southern part (St. Back 
E of Oxabick), the middle curve to the central part (Sjébo, N of the town of Bords) and i 
lower curve to the northern part of the area (Holmen, S of Molla Church). —A 34— ete 
Systems of different glacial lakes used in the construction. Gi—G! = Phases of reversh 

of the land elevation. 
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lig. 32. Sammanfattningskurva dver landh6jningsintensiteten inom undersékningsomra- 
et, harledd ur féregiende kurvor samt liknande fran andra delar: Gt—G! = reversions- 
faser i landhéjningen. Submarina moraner etc. = markerade randstrak. 
fomposite curve of the intensity of the land elevation in the area investigated, derived from 
he curves above and similar curves from other parts. G*—G = Phases of reversion of the 
md elevation. Submarina mordner etc. = Terminal drift complexes of important stagnation 


phases. 


tort med de av von Post (1947, pl. VI) fran Halland och Viskaomradet 
construerade héjningskurvorna. Betydligt aldre faser aro emellertid 
egistrerade pa issjékurvorna, och dessutom dro de relativa dateringar- 
ia icke samstammiga (Gillberg 1952, s. 89, jfr félj. kap.). 
_Landhéjningen har sannolikt borjat langt fore de aldsta issjéarnas 
ippkomst. Forst da recessionen bérjade fran 6vergangszonen mellan 
ustslitten och héglandet nadde den sin fulla styrka. Denna tidpunkt 
tgjorde darfér troligen den utvecklingsfas, da isbelastningen inom om- 
adet slutligt Gvervunnits, och da avsmialtningen begynte inga i sitt 
vgorande skede. 
Landhéjningen har icke skett kontinuerligt och med avtagande styr- 
a utan ett flertal aterslag ha intraffat. Trots att detta kunnat konsta- 
as inom flera andra trakter (von Post 1938, 1947, 1952, Sauramo 
2, 1944, 1945, 1947, 1949, Florin 1944, 1948),1 synas dessa utveck- 
ysfaser Annu vara otillrackligt kinda. De geofysiska forutsdttningar- 
torde dessutom vara alltfér litet utredda. En slutlig och entydig 
aring kan darfér 4nnu ej avges. Forst da dessa foreteelser 4n tyd- 
ire belysts och utretts inom sé manga omraden som méjligt samt 
ra tidskonnektioner erhallits, kan detta problem till fullo angripas 
sh kanske slutligt lésas. . 


Pulsationsartade oscillationer i landhdjningen ha fven diskuterats teoretiskt, del- 
ocks& p& grundval av olika lagerféljder (Holst 1899, Antevs 1921 1928, b, Cleve- 
1923). : 
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Darmed borde denna fraga vara slutbehandlad. Nagra ytterligat 
papekanden kunna dock géras utover de direkt ur diagrammen 0¢ 
kurvorna framkomna slutsatserna. 

Som flera ginger framgatt, sammanféllo reversionsfaserna till tide 
med markerade stagnationsperioder. Detta kan tyda pa att dessa di 
kontinuiteter ha férorsakats av férindringar i isbelastningen. Utveck 
lingen skulle darfor kunna ha agt rum pa foljande satt. I och med at 
istrycket i stort bérjade avta, kom dven hdjningen igang, d. v. s. en # 
djupet skeende tillstrémning av magma kom till stand in mot det nec 
isade och nedpressade omradet. Alltefter som isbelastningen lattad. 
kunde den pabérjade héjningen alltmer géra sig gillande. Avtog elle 
upphorde avsmaltningen regionalt, varigenom klimatiskt betingac 
stagnationer intraffade (eventuellt atféljda av en dkning av ismassat 
maktighet), minskade Aven intensiteten i landhdjningen eller forbytte 
denna t. o. m. i en troligen relativt snabbt évergaende sinkning. M6 
ligen betydde detta en avtagande eller helt avstannande tillstroémnir 
av magma eller utvecklades t. 0. m. en motsatt rérelse. Da avsmal 
ningen Anyo bérjade (d. v. s. ytterligare minskat tryck), kom en snak 
utlésning underifran och en kraftig uppvippning intraffade. Detta up: 
repades vid varje liknande tillfalle. Da emellertid isbelastningen he: 
tiden kontinuerligt avtog, blevo dessa aterslag 1 landhéjningen av a! 
mindre omfattning. Dessa ha troligen varit av elastisk karaktaér me 
det torde kunna ifragasittas, om icke den plastiska aterhaimtninge 
helt avbrutits under varje sadant intervall. 

Denna approximativa och sikerligen icke entydiga férklaring syn. 
i princip éverensstimma med friamst Sauramos (1945, s. 50) men de 
vis ocksa von Posts (1947, 1952) teorier. Avgérande for detta proble 
ar, hur omradena utanfor isranden fram till zero-isobasen ha reagers 
Enligt von Post har hela landhéjningsbucklan traffats av dessa puls 
tioner, enligt Sauramo endast partierna niéirmast isfronten eller me 
ligen nagon del av de blott delvis isbetackta omradena innanfor denr 
Mina undersékningar kunna tyvarr icke d6verbrygga dessa mots 
ningar eller klart bevisa eller motbevisa endera teorien. Férst da sa: 
tidiga issjOytor och marina nivaer langt utanfor isranden kunnat ke 
nekteras, torde detta vara méjligt, och forekomsten eller avsaknad 
av »hinge lines» kunna konstateras. Men enbart genom strandlinjear 
lyser kan detta problem icke lésas, ty synbarligen kunna von Po: 
Hallands-Viska-diagram omkonstrueras enligt Sauramos uppfattnin 
och mojligheten att déndra de finska diagrammen enligt von Posts te 
synes lika stor. Narvaron av stora diskontinuiteter ar dock ofré 
komlig. | 

Delvis avgorande fér hela detta problem synes vara, om sada 
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pulsationsartade faser aiven forekommit under postglacial tid (Florin 
1944, 1948). Har detta varit fallet, kunna knappast forandringar i is- 
belastningen ha varit orsaken till dessa reversioner. Ett gemensamt 
ursprung for de senare och de samtidigt, inom alla omraden indicerade 
omslagen i klimatet torde da fa sdkas (von Post 1952, s. 224) 


Isavsmaltningens tidsstallning 


Ytterligare ett problem maste narmare diskuteras, némligen isav- 
smaltningens tidsstillning. Flera ginger har visserligen framhallits, att 
denna utveckling maste ha utspelats under gotiglacial tid, men dir- 
utover har endast de olika reversionsfasernas relativa alder inbérdes 
berérts. De verkliga tidsperioderna dro givetvis av stérsta betydelse 
att kaénna. Bade recessionens och ablationens storlek skulle kunna ut- 
raknas och likasa skulle reversionernas langd klart framga. Nagra ex- 
akta dateringar dro emellertid icke kanda utan blott mycket approxi- 
mativa uppskattningar kunna goras. 

Utgangspunkten for denna diskussion maste bli dateringen av det 
mellansvenska randstraket, d. v. s. gransen mellan goti-finiglacial tid. 
Efter sammanknytningen av de postglaciala varven i Angermanilvens 
dalgang med de finiglaciala varven i Indalen samt de dldre varvserierna 
fran denna tid kunde 4r 0 i den svenska tidsskalan fastslas till c:a 6840 
[.Kr., och hela finiglacialen tycktes besta av c:a 1073 ar (Lidén 1913, 
De Geer 1940 jimte dar cit. litt.). Den senare korrelationen bygede 
bl. a. pa matningar i Stockholmstrakten, dir varv -— 1073 antydde 
saltvattnets inbrytande. De Geer satte detta i samband med Billingen- 
fappningen, som bestémts som grins mellan goti-finiglacial tid. Som 
Jaldenius visat (1944), kan denna datering knappast uppratthallas utan 
saltvattenstillforseln till Balticum maste ha skett forst i och med Narke- 
undets 6ppnande, d. v. s. langt efter Billingen-katastrofen. Finiglacia- 
en har darfor sannolikt haft en nagot stérre omfattning — c:a 1360 ar 
nligt Antevs’ berakningar pa grundval av Caldenius’ mitningar och 
Jauramos parallelliseringar med Salpausselkiomradet (Sauramo 1918, 
923, 1926, Caldenius 1944, Antevs 1953, s. 200). Gransen mellan goti- 
iniglacial tid skulle salunda sattas till ungefar 8200 f.Kr. (jfr Antevs 
953, s. 200). Aven om denna datering sannolikt icke ar fullt exakt, 
an den dock tagas som yngre utgangspunkt fér gotiglacialen. 
‘Stagnationen vid évergangen mellan goti-finiglacial tid har av De 
reer (1917) och Sauramo (1918) beraknats till c:a 700 ar. Borjan av 
na epok, d. v. s. yngre Dryas-tid, vilken samtidigt betydde slutet 
Allerédepoken, skulle saélunda ligga ungefar 8900 f.Kr. Enligt ut- 

da Aldersbestémningar pa Allerédbildningar medelst C'*-metoden 
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skulle denna grins ha infallit ungefir 8920 + 160 ar f.Kr. (Anderson 
Levi-Tauber 1953, Iversen 1953). Overensstaémmelsen med varvkrono 
logiens datering ar alltsa mycket stor. Detta giller aven ovre gransel 
fér yngre Dryas-tid, som genom C'metoden forlagts till ungefa 
8350 + 350 ar f.Kr. Enligt gjorda C“-bestémningar av material frat 
Allerédperiodens aldre del skulle denna epok haft en varaktighet av 
minst 1000 ar (Iversen 1953), enligt Godwin (1951) nara 1500 ar. Gran 
sen till aldre Dryas-tid skulle salunda ligga minst 10000 f.Kr. Enlig 
hittills gjorda antaganden har Géteborgsmorénen uppbyggts unde 
detta intervall. 

En enda datering skulle med andra ord féreligga for omradets del 
For att ndgorlunda kunna uppskatta recessionens och ablationen 
genomsnittliga storlek maste emellertid aven den tidpunkt vara kand 
da isen férsvann darifran. Visserligen approximativt men troligen mec 
relativt ringa felmarginal gar detta att sluta sig till. Reversionsfases 
(GF) vid det mellansvenska randstraket ar ocksa vid innerspetsarn: 
av Viska-Halsjéfjordarna utbildad som en MG-antiklinal (Gillberg 1952) 
Da denna aven dar nar toppen vid stora randdeltan, torde isen slut 
giltigt forsvunnit fran denna trakt hégst nagot arhundrade fore kul 
minationen, d. v. s. omkring 8300 f.Kr. Betriffande landisen 1 Save 
dalen bli uppskattningarna nagot osikrare. Sédra ytterkanten av de 
mellansvenska randstraket bérjar knappt 2 mil N om omradets nord 
grins. Enligt ovanstaende diskussion skulle denna linje ungefar betyt 
boérjan av yngre Dryas-tid — 8900 f.Kr. Vad dessa 2 mil betytt ft 
recessionen, dr givetvis svart att avgéra. Uppskattningsvis torde doe. 
landisen ha férsvunnit fran Siévedalen omkring 9000—9100 f. Kr. 

Om dessa dateringar dro nagorlunda riktiga, skulle mellan isens lig 
vid Géteborgsmorénen och omradets nordkant minst 1 000 ar ha fo» 
flutit. Den samtidiga recessionen i Viskadalen skulle daremot tagi 
nagot mer én 1500 ar. Utgadende fran dessa varden kunna de genom 
snittliga medeltalen for recessionens och ablationens storlek per ar ut 
riknas, Dessutom kan ett relativt matt pa issjéstadiernas lingd et 
hallas. 

I Sévedalen drog sig isen under denna tid tillbaka ungefir 70 km 
och i maktighet avtog den 100 m. Recessionen per ar skulle sélunda 
genomsnitt ha varit 70 m, ablationen 1 dm. Ingendera var emellertii 
kontinuerlig, ty under denna period intraéffade Berghemsstagnationer 
Aven om denna kanske icke var sai omfattande som uppehallet vid de 
mellansvenska straket, aro dock randbildningarna si maktiga, att mins 
ett par Arhundraden torde ha Atgatt for deras uppbyggande. Reces 
sionen var da helt avstannad, och aven ablationen var hégst obetydli 
(jfr ovan). Genomsnittsvardena torde darfor snarast vara mellan 90- 
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100 m per ar fér recessionen, mellan 1,2—1,3 dm per ar for ablationen. 
Medeltalet for de skilda issjénivaernas langd skulle bli mellan 25—30 
ar per stadium. 

For Viskadalen bli medelvardena nagot mindre ifraga om recessionen 
och ablationen — c:a 60 m resp. knappt 1 dm per ar. Varje issjéyta 
hade déremot ungefar samma omfattning i tid. 

Hur acceptabla kunna nu dessa tal anses vara? Mot en recession av 
90—100 m per ar torde knappast vara nagot att invanda. Visserligen 
Synas motsvarande varden inom éyre delen av det mellansvenska rand- 
straket samt strax N darom vara betydligt stérre — 140-—200 m per 
ar (De Geer 1896, Hedstrém 1901, Ahlmann 1910, G. Frédin 1916) 
men flertalet av dessa arsmoriner dro sa beligna i forhallande till det 
centrala straket, att de méjligen kunna betraktas som bildade i bérjan 
av den finiglaciala klimatforbattringen. Betriaffande medeltalet 1 dm 
per ar for ablationen, ar detta omdjligt att uttala sig om. Det.enda 
forsék till uppskattning darav fran senglacial tid har gjorts av Wenn- 
berg (1949, s. 169), som utgdende fran helt andra grunder erhallit ett 
approximativt varde pa 6 dm per ar. En jaémférelse med nutida glacia- 
rer dr rent fiktivt, da de klimatiska forhallandena icke pa nagot satt 
iro kommensurabla. 

Mer diskutabelt torde medeltalet for varje issjéstadiums tidsutstrack- 
ning vara. De for abrasionen avgérande faktorerna synas genomsnitt- 
ligt ha varit val lampade for utskaérandet av tydliga nivaer. Att dessa 
trots detta i regel dro svagt utformade, sattes darfér i samband med 
issjdarnas utbildning som marginala kantuppdémningar. Aven tids- 
faktorn, som férut lamnades darhain, kan nu upptas till diskussion. 
Har salunda en sa kort tid som 25—30 Ar varit tillracklig for att icke 
blott paverka terrangen utan dven utskira verkliga terrasser (ibland 
wv flera tiotal m:s bredd)? Nu synes visserligen den morfologiska ak- 
‘iviteten inom en strandzon relativt snabbt na kulmen (Ahlmann 1914, 
. 19) men om detta aven var fallet i sa grovt material som moran och 
inder davarande klimatiska forhallanden, m4 ifragasittas. Pa Island 
va dock tydliga terrasser utskurits i relativt sma issj6ar pa en tid av 
mgefar 30 ar (Thorarinsson 1939, s. 222) men en sadan jamforelse kan 
mappast vara utslagsgivande. 

_Delvis pa grund av ovanstaende problemstillning synes mig en om- 
latering av hela den tidrymd, under vilken utvecklingen inom omradet 
elats, vara icke blott méjlig utan aven i hog grad sannolik (Gill- 
rg 1952). Mest avgérande fdr denna fraga ar upptradandet av det 
Berghemsstraket. Visserligen kan denna stagnation ha varit en 
llig, ehuru jamférelsevis markerad episod under Allerédtid. Ett 
rtal danska pollendiagram rérande avlagringar fran denna tid visa 
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ocksa tydligt, att en forsimring 1 klimatet intraffat under detta 1 dv- 
rigt relativt milda tidsavsnitt (t. ex. Iversen 1942). Betulakurvan ar 
namligen i regel tvatoppad. Hur kraftig denna forindring varit, 4r 
emellertid icke mojligt att for nérvarande avgora. Men som Berghems- 
moranen ar utbildad, synes knappast en kortvarig klimatforsamring ha 
varit tillricklig for dess uppbyggande. Frontala former upptrada 1 nas- 
tan varje dalgang och flerstades éro de mycket maktiga. Detta strak 
synes mig darfér klart skola sittas i paritet med de ovriga senglaciala, 
klimatiskt betingade randlinjerna, och detta torde vara én mer be- 
raittigat, om dess fortséttning i W utgores av de bohuslanska rand- 
elementen (Gillberg 1952). 

Om denna omdatering av senglacialen ar riktig, kan Berghemsstagna- 
tionen knappast hanféras annat an till aldre Dryas-tid. Allerédepoken 
skulle da for omradets del endast ha omfattat recessionsavsnittet fran 
Berghemsmoranen upp till nordgrinsen samt betraffande restisen dess 
innersta parti. Medeltalen fér recessionen, ablationen och issjéstadier- 
nas lingd bli helt andra. For den férstnimnda skulle vaérdet bli 40—45 
m per ar i Sdvedalen, 30—35 m i Viskadalen, for ablationen c:a 5 cm 
resp. 4 cm 4rligen, och issjéarna skulle i genomsnitt ha varat 70—75 ar 
i bada omradena. Sarskilt detta sista matt synes vara betydligt mer 
acceptabelt an det ovan diskuterade. 

Finnas nu nagra direkta bevis for denna omdatering? Svaret kan med 
nagon tvekan bli jakande, a4ven om full bevisforing annu icke torde 
foreligga. Pa 6vervigande malakologiska grunder har Asklund (1936) 
hanfort vissa medelhéga strandytor i Halland till gotiglacial tid och 
sammankopplat dem med Alleréd a ena sidan, dldre Zirphaeanivaer i 
Danmark a den andra. Iversen (1942) har sedan icke blott accepterat 
detta utan aven som det synes invaéndningsfritt visat, att dessa arc 
samtidiga. Insittas Asklunds bada gotiglaciala strandlinjer i von Poste 
Hallandsdiagram, falla bigge pa nivaer, som i Viskadalen na N or 
Berghemsmoriinen. Ar dateringen av dessa isobasytor riktig, och alltsé 
Zirphaeatransgressionen inféll under Allerédtid, maste Berghemsmora- 
nen vara aldre. Nagon annan modjlighet an att hanfora den till aldre 
Dryas-tid, synes da knappast foreligga. 

Under sadana omstiindigheter maste Géteborgsmoriinens stagnatior 
ligga annu langre tillbaka i tiden. Tanken faller da osdkt pa den danske 
indelningen av detta parti av senglacialen. Enligt Iversen (1942) fére- 
gicks aldre Dryas av ett mildare skede, benimnt Bollingoscillationen. 
och fore denna infoll aldsta Dryas-tid. Medan den senare utmarktes 
av tundraklimat, var Béllingperioden sa mild, att skog atminstone del 
vis forekom i Danmark. Detta kan for isens del knappast ha betyt 
annat dn stagnation, resp. recession, d. v. s. inom omradet eee | 


: 
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det ay Géteborgsmoranen resp. retratten darifran upp till Berghems- 
mordnen. Aldsta Dryas tillhér enligt Iversen (1942) yngsta daniglacial 
tid. Denna fraga ma dock anses obesvarad tills sluthga dateringar kun- 
nat goras. I vilket fall torde Hallandsmoranen vara daniglacial, och i 
annu hdgre grad giiller detta de submarina mordnerna utanfér Hal- 
landskusten. Géteborgsmorinens fortsittning mot E torde dessutom £4 
s0kas i betydligt sydligare randstrak an Kalmarmoranerna (jfr Nilsson 
1953, s. 173). 

Att forséka utrikna nagra medelvarden pa recessionen, ablationen 
ach iss]6stadiernas lingd under dessa aldre skeden, ar knappast gorligt, 
ftersom dels Géteborgsmoranens tidsstillning icke kan anses avgjord, 
lels endast nagra fa approximativa dateringar foreligga fran denna tid. 
Jm emellertid varje issjéstadium aven di ungefar haft samma genom- 
nittliga omfattning som efter Berghemsstagnationen, d. v. s. 70-—75 
i, skulle minst 800 ar ha férflutit mellan den senare och uppehallet 
id Géteborgslinjen. Mellan denna och Hallandsmoranen skulle mot- 
warande varde bli minst 1 200 Ar, d. v. s. den senare stagnationen 
kulle ha intraffat minst 2000 ar fore den vid Berghemsstraket (= 
ninst 12000 f.Kr.). Med sikerhet maste emellertid ytterligare arhund- 
aden laggas till. Dels ar Géteborgsmordanens stagnation helt okind till 
mfattningen och darfér icke medraknad i ovanstéende approximation, 
els ha troligen bade recessionen och ablationen gatt dn langsammare 
nder denna dldre del av senglacialen. Hallandsmorinen torde darfor 
gga ndrmare 13000 an 12000 f.Kr. (jfr den approximativa dateringen 
v De Geers grins mellan dani-gotiglacial tid). 

Senglacialens indelning skulle salunda enligt denna diskussion unge- 
ir bli som fig. 33 visar (jfr Gillberg 1952). Ar den nagorlunda riktig, 
mde detta férutsétta en mycket markerad skillnad i avsmiltnings- 
rloppet inom Vast- resp. Ostsverige. 

Annu en sista fraga bor diskuteras, nimligen om det finns nagon 
Ojlighet att erhalla sikrare dateringar eller 4tminstone otvetydiga 
avis for de skilda periodernas relativa alder. Lerkronologiskt torde 
tta vara mycket svart, da varven inom utpréglade marina trakter 
inligen aro symmikta, vilket forsvarar eller oméjliggér exakta mat- 
ngar. De enda issj6omradena i Sydvastsverige aro belagna inom un- 
rsdkningsomradet, men dir finnas ytterst fa varviga sediment (Gill- 
rg 1956). 

Med éstsvenska trakter, dar fullsténdigare varvserier lattare kunna 
hallas (jfr Nilsson 1953, s. 179), aro korrelationer eventuellt méjliga 
“men troligen endast pa indirekt vig med hjalp av de stora rand- 
aken. Sedan dessa i Ostsverige geokronologiskt fastlasts till tiden, 
te klara konnektioner kunna géras mellan dem och de vastsvenska 
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Fig. 33. Diagram dver den mdjliga, relativa indelningen av senglacialen i Vastsverig: 
Diagram of the possible relative division of the Late Glacial time in Western Sweden, 


randelementen. Detta torde dock vara férbundet med stor subjektiv: 
tet, da frontalbildningarna mera sallan dro direkt sammanhangand 
fran omrade till omrade. Ett tankbart samband mellan dst och vas 
har redan antytts av Nilsson (1953, s. 173). Han har salunda framhallr 
att Gédteborgsmoradnens fortsdttning 1 E sannolikt maste sdékas i norr 
Skane. Ett sydligare mordnstrak benaimnt tidig-gotiglaciala morar 
baltet och gaende over Navlingeasen sammankopplar han med Ha 
landsmorénen. Det medel-gotiglaciala israndsliget forligger han fra 
Vattern dover bl. a. Vattakplatan och Rannefalan fram till Larv. Sox 
MG:s forlopp visar (GF-antiklinalen) (Gillberg 1952, s. 85), aro doe 
randbildningarna vid den senare lokalen utbildade alldeles vid bérja 
av det mellansvenska randstraket. Om icke de stora frontalelemente 
vid Vatterns sydspets ocksa tillhéra initialen av denna epok, mast 
deras fortséttning i Vastsverige darfor ligga mycket sydligare. 

Aven genom olika strandytors gradienter kunna konnektioner erha. 
las mellan skilda trakter. Betriffande det vastsvenska omradet, d. v. 
en jémforelse mellan issjénivaerna och de marina isobasytorna, syne 
det emellertid for ndrvarande icke méjligt att komma langre dn sox 
ovan diskuterats om de gotiglaciala Hallandsnivderna. Dels bryter s° 
min uppfattning fullstindigt med von Posts ifraga om den relatiy 
aldern pa utvecklingen i Viskafjorden (Gillberg 1952), dels har ve 
Post i sitt Hallandsdiagram (1947, pl. VI) endast infért de approxim: 
tiva De Geerska dateringarna. 

Med de smalandska-baltiska issjéarna kan en jamférelse synas mé 
lig. Men for narvarande ar detta icke tankbart pa grund av att tydlig 
reversionsfaser i landhéjningen aro féretriidda inom det vastsvensk 
issjOomradet, inga sadana dinnu upptackts inom héglandets baltisk 
delar. En viss gradient i Ostsverige kan darfér motsvaras av flera n 
vaer inom undersékningsomradet. Utgaende fran issjéarnas hojdlag 
kan man visserligen nagorlunda sluta sig till ett ungefarligt samban: 
men da avsmiltningsférloppet kan ha varit mycket olika inom res, 
omrade, kan detta tillvigagangssitt vara férbundet med stora svari, 
heter eller leda till direkta felslut. En konnektion kan dock mojlige 
goras. Den hégsta gradient, som Nilsson funnit (1953, s. 163), dr nage 
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Over 1,7 °/oo och giller de aldsta skanska issj6arna. Den stérsta lut- 
ningen inom undersdkningsomradet ar blott obetydligt hégre, nara 
1,8 °/oo, och ar uppmatt fdr de fdrsta stadierna efter G5-reversionen, 
d. v. s. strax efter Hallandsmordnens stagnation. Denna jimférelse 
synes vara berattigad, ty som ovan framgatt har Nilsson samman- 
kopplat det mellanskanska randstraket med hallindska kustslattens 
frontalelement. 

Sluthgen finns aven méjligheten att medelst vegetationens och fau- 
nans utveckling erhalla upplysningar om senglacialens tidigare perio- 
der. En sadan undersékning maste givetvis kombineras med en utred- 
ning av strandférskjutningen (jfr von Posts Viskaundersékning). Pol- 
lenanalytiskt torde detta emellertid vara mycket svart, ty inom vast- 
svenskt omrade kan man sakerligen icke komma langre tillbaka an till 
Allerddtid. Under de foregaende perioderna lag isen alltfor nara de 
framsmalta partierna for att en utslagsgivande vegetation skulle ha 
utbildats. Det kan t. o. m. ifragasittas, om ens under Alleréd nagon 
sadan kan ha trivts inom dessa relativt smala, proglaciala trakter. For 
bvrigt maste de senglaciala pollendiagrammen forst vara entydiga. 
Eftersom ytterst fa organogena bildningar finnas fran dessa aldsta ut- 
vecklingsfaser, ar aven C'-metoden i det naérmaste utesluten. 

Faunans invandring och eventuella foréndringar alltefter skilda kli- 
matforhallanden kan daremot troligen foljas langre tillbaka i tiden. 
Fenom malakologiska bestamningar av limpliga sediment torde klima- 
sets vaxlingar kunna utredas. De skilda stagnations- resp. recessions- 
aserna, d. v. s. perioder med tillskarpt resp. mildare klimat, borde 
mligen vara representerade av olika former (jfr Brotzen 1951). T. o. 
1, mycket nara isranden kunna sikerligen salta bottenstrémmar varit 
kraftiga, att vatten av omvaxlande vaérmegrad och varierande fauna 
ligt kunde framtringa. Endast Savedalen torde emellertid vara tank- 
r for en sidan undersokning, da havet dar haft fritt tilltride mycket 
met tillbaka under senglacial tid. Viskadalen ar déremot icke lamplig, 
rots sedimentens stora maktighet. I denna smala och av en hog tros- 
el spirrade fjord maste smaltvattnet sé dominerat, att saltvattnet 
e férrin mycket langt fram under avsmiltningen kunde gora sig 
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English summary 


The Development of the Glacial Lakes and the Deglaciation in the Westerr 
Marginal Zone of the South-Swedish Highlands. 


Erosional forms of the deglaciation 


Features of marginal drainage. Below the firn limit, th 
meltwater often flowed between the ice and the already deglaciated valley 
sides. This indicates, however, that the ice was moving a little, because i 
completely stagnant ice all crevasses and other open hollows could not bs 
closed, and so the meltwater was forced to run away subglacially. Wher 
the gradient of the ice was relatively low and much material was transportec 
by these marginal streams, lateral accumulations, 1. e. kame terraces, wer 
often developed on the sides of the valleys. Usually, erosion took place ane 
erosional marginal drainage features were formed. 

The following morphological types can be distinguished: a) margina 
washing-level, i. e. without notch-formation but only a distinctly slopin; 
washed till, b) marginal boulder-notch, i. e. a marked definitely sloping 
shallow notch with exposed boulders, c) marginal stream terrace, 1. e. slopin. 
erosional terrace with, usually, many exposed boulders, d) marginal channe- 
i. e. a sloping bilateral channel of varying depth. 

Different marginal forms can also be distinguished due to the course ¢ 
the marginal streams (cf. Mannerfelt 1945). They are a) strictly latera 
drainage features, i. e. those which actually have followed the ice margir 
b) extralateral drainage features, i. e. those which relatively soon have lef 
the ice margin and run away from it, c) sublateral drainage features, 1. € 
those which, after first following the ice margin for a short distance, hay 
then cut down into it and flowed subglacially, but still marginally, d) sut 
glacial chutes, i. e. those which were formed in often steep tunnels unden 
neath the dissolved ice margin. 

All these forms are represented in the area. Of the strictly lateral typ 
only two have been observed, however. One is an erosional stream terrace 
the other a kame terrace. The gradient is 1.25 and 0.4: 100 respectively 

Extralateral drainage features are also uncommon. They are always tru 
channels, and due to the terrain they are often winding. Sometimes, the: 
have been formed as outlets of glacial lakes, and small delta-like accumule 
tions have often been built up at their mouths. Usually they lie on gent! 
valley slopes or on plateaus. The gradient generally varies a great deal owim 
to the terrain. 

Most marginal forms are sublateral. All morphological types are repre 
sented but short marginal boulder-notches or channels are most common 
More often they begin at a terrace of a glacial lake and have probably bee 
cut during the discharge of that lake. No accumulations have been forme 
at their mouths but there the till is very washed. The gradient is usuall 
steep, 3—4: 100. Often it increases towards the end, which indicates sue 
cessive cutting down into the ice margin. ) 

Subglacial chutes occur sporadically around the highest points. As the 
always begin at terraces of glacial lakes, they have probably all been su 
glacial outlets. Similar forms are the short boulder-chutes. Probably | 


, 
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we the beginning of sublateral channels but instead of following the ice 
nargin the meltwater has almost immediately run off englacially, and so 
he erosion has ceased. 2 

Regionally, the extension of the marginal drainage features varies rather 
ouch but most of these are found in the central parts. Locally they are 
ituated mostly along the valley sides (fig, 5) 

From the course, form and position of all these types, it is possible to 
raw the following conclusions. As they occur right up to the highest points, 
he ice cap must, even when these were ice-free, have lain below the firn 
mit, 1. e. was climatologically dead and melted by thinning. As marginal 
rainage features cannot have been formed below the marine limit, they are 
ften a good criterion of this level. As they occur everywhere between this 
hore line and the highest points, i. e. also between the shore marks of glacial 
kes, ice must have remained in the valleys, right up to its final dissolution. 
Imost all glacial lakes must therefore have been marginal. 

As many other investigations of similar problems have shown, these 
rms can often supply informations about the gradient of the ice margin. 
lowever, that is not the case here. Only the strictly lateral forms, which 
stually have followed the ice margin, can of course be used for that pur- 
ose. As only two of these have been found in the area, the true value of 
le gradient can hardly be obtained. 


Outlets of glacial lakes. The outlets of most glacial lakes 
ave been subglacial. They usually occur as sublateral drainage features, e. g. 
julder-notches, short sloping terraces, or boulder-chutes. Real channels 
uve also developed, even such as have in origin been due to topographical 
iss-summits and not, as the others, to the position and gradient of the 
e cap. From many glacial lakes, however, no outlets have been observed 
all, which perhaps indicates their having been discharged englacially, 
ieas from other stages, more than one outlet has developed. This would, 
| the other hand, tend to show that intermittent discharges have occurred 
any times from each of these glacial lakes. The meltwater has then again 
en to the same level. — On p.370—376 several typical outlets are described. 


hore lines. All over the area, shore lines of different forms occur 
veen the highest points and the valley floors. The vertical intervals 
en them are often no more than 3—4 metres. As the sea, after the 
on of the ice cap, covered a great part of the southern region, it has 
of great importance in determining the marine limit clearly. All shore 
above that level must have been abraded in glacial lakes. However, 
have already discussed this limit and its problems in another paper 
, I need only mention here that the greater part of the area lies above 
arine limit and that accordingly, most shore lines are abraded in tem- 
glacial lakes. 

ore line profils have been surveyed with a distance of about 500 metres 
een each. The levelling has usually been done with an aneroid baro- 
r, but as a result of various precautions, it has been possible to reduce 
error to -+ 1 metre. Many profils have also been surveyed with Tes- 
h’s tube. In constructing the diagrams, the latter pomts have been used 
base-points for the drawing of the gradients of the tilted shore planes. 
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Almost all shore lines are formed by abrasion. Morphologically the fo 
lowing types can be distinguished. 
1) No shore plane developed: 
a) in drift (especially till) = wave-washing level, 
b) in bedrock = frost-wedging level. 
2) The shore plane narrower than | metre: 
a) without any boulders = simple notch, 
b) with concentrations of boulders as low ramparts = boulder-notch. 


3) The shore plane broader than 1 metre: 
a) 1—10 m broad = narrow terrace, 
b) 10—25 m broad = middle-sized terrace, 
c) 25—50 m broad = broad terrace, 
d) over 50 m broad = plain. 


Almost all these forms occur irrespective of the difference of the materi 
of the shores, but, in consequence hereas, the development of the shore lin 
has been very variable. 

Real terraces are formed very seldom in bedrock (only at two places 
They aré of the so called Arctic type. For the formation of such a shor 
ledge frost-wedging has been more important than abrasion. After the d 
velopment of a notch, perennial snow could remain in it. Through fros 
wedging a beach has gradually formed. The notch has been deepened, f' 
which reason the terrace usually slopes inwards and downwards. This pr 
cess has therefore been facilitated not only by many joints in the bedros 
but also by the dip when directed towards the notch. 

The usual type of shore lines in bedrock is frost-wedging levels. Accor 
ingly, they appear only as a limit or as a shallow notch, while otherwii 
the bedrock is only a little eroded. Unfortunately, the frost-wedging h: 
been very active even later, and therefore real frost-wedging levels, d 
veloped at the shores of glacial lakes, are difficult to discover. For thi 
reason the shore lines in bedrock never give a good indication of the exe 
height above the sea level. 

That is, however, the case when shore lines have developed in stratifi. 
drift or glacial-lake sediments. Almost always well-defined terraces, offi 
more than 10 m broad, have been cut. They are usually even, and the not 
is sharp but rounded. Exposed boulders are not common, and wave-roll| 
pebbles are also few. Only on the long sides of eskers and kames the she 
lines are indistinct, being simple notches. Sometimes no shore marks at 
can be observed at such places. The top of eskers and kames is on the oth 
hand generally abraded to even planes, when they have lain one or tr 
metres below the water surface of glacial lakes. That is also, so, when thi 
have projected above the water-level but in such cases small remnants 
the top are usually preserved. 

As the till is the predominating drift, most shore lines are developed. 
that material. All morphological forms occur, but boulder-notches, al 
narrow terraces are most common. The embryonal form (the wave-washii 
level) is usually met with on steep valley slopes and is only prominent. 
till with numerous boulders. By the wave action the finer material has be 
washed away and the boulders exposed. 

Simple notches generally occur in till with few boulders and bould 
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lotches in till with numerous boulders. The latter are exposed residual ones 
8 well as those pushed up by sliding sea-ice to a low rampart. 

The terraces are, contrary to those in stratified drift and glacial-lake 
ediments, very uneven and sloping. Exposed boulders are common, and 
mall rocks also occur on the planes or in the notches. The latter are very 
listinct, usually with many boulders, most of which were pushed up by sliding 
ea-ice. Wave-rolled pebbles are common, especially on broad terraces. __ 

The development of the shore lines has accordingly been partly dependent 
m the shore material. However, that is only partially true, while, on the 
vhole, other causes must have been more important. 

The slope of the valley sides and the depth at the shores have probably 
een more important factors. On steeper slopes, the abrasion has had smaller 
ffect owing to weakness or even absence of wave action. Therefore, wave- 
yashing levels, simple notches and boulder-notches. i. e. ill-defined shore 
narks, occur in such places. That is also the case on very gentle slopes. 
‘he waves cannot have been quite effective there and the abraded material 
as often remained in situ and so protected against renewed wave action. 
the exposure to abrasion has also been of great importance. In an exposed 
osition the waves may have been very effective, while in a protected posi- 
ion, for example behind islets or in small inlets, no abrasion at all may 
ave taken place. 

In the area, the above mentioned factors, which accordingly are important 
9 the wave action, have in general been quite adapted for an effective ab- 
asion. The shore lines therefore ought to be very sharp and well-defined, 
ut such is not the case. Notches of different kinds have an extension similar 
9 that of real terraces, and broad ones are uncommon. This is surprising, 

pecially in comparison with the shore marks of the marine region. That is 
artly due to the fact that finer levelling sediments are rare, but also in till 
srrain this is clear. The terraces are narrower and more uneven and they 
re often broken. Generally no vertical abrasion has occurred between two 
iore lines, as the glacial lakes were lowered by quick discharges. In other 
ords, the terrain of the glacial lakes is broken, that of the marine region 
eing in all respects the opposite. 

This difference may be due to the fact that the conditions for abrasion 
ad been more favourable in the latter area. That has, however, not very 
an been the case, but rather the reverse. The ill-defined shore lines of the 
vial lakes must therefore be due to other circumstances, the reason 
probably that most glacial lakes have been marginal. In such narrow 
lakes the waves cannot possibly have been as effective as in open fiords 
>on the open coast. Furthermore, the glacial lakes were probably frozen 

ing a great part of the year. That all these cases have been important 
r, for example, from the fact that where broad open glacial lakes have 
ted, the shore lines are as a rule well-defined and often broad terraces. 

shore marks of these marginal ice-lakes are accordingly ill-defined, 
y being, however, at the same time very distinct. This really peculiar 
e is probably an indication, that in addition to waves other forces 
also been at work. In all probability, there have also been currents in . 
narrow ice-lakes, especially at the frequent discharges. This resulted 
igorous erosion and a further consequence was that the abraded material 
ld not remain there but was carried away down into the ice. 
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The glacial lakes 


To make it clearer, a great number of distance-diagrams of the tilted she 
lines have been drawn (for ex. fig. 2428). Two maps show the position 
every part of the area from which such a diagram has been drawn (fig. 4 
93). Two general diagrams show the relative age of the glacial lakes, th 
successive sinkings in level, their final discharge and their gradients (pl. 6,’ 

As seen from the proceeding chapters, the development of the shore lin 
the appearance of the marginal drainage features and the extension of t 
glacial-lake deposits (1956) all indicate that most glacial lakes have be 
marginal. The distribution of the shore lines also seems to prove this, 
they often appear only around an isolated part of a plateau or along a vall 
side or part of it. 

Three types of glacial lakes can be distinguished. 


A. Nunatak ice-lakes. These have existed around small a 
large plateaus, i. e. they have been quite surrounded by ice. Sometimes th 
lakes may have had a great extension over the plateaus. The outlets have 
ways been en- or subglacial. The different systems are described on p. 407—4 


B. Marginal ice-lakes along one side ofa valley { 
part of it). These lakes usually followed the nunatak ice-lakes wl 
the ice had been wholly concentrated in the valleys. The meltwater y 
accordingly dammed up between the valley sides and the valley ice. Ow 
to the bulging form of the valley slopes, the ice often came to lie direc 
against them and therefore dammed up the meltwater to marginal ice-lak 
As a result, these systems were often short and many stages developed 
fore the final discharge or transition to greater lakes. The outlets were usué 
lateral or subglacial, but often there was more than one, and intermitt: 
lowerings took place. The different systems are described on p. 409—41¢ 


C. Marginal ice-lakes along each side ofavalley 
in several valleys). These lakes usually arose through the ce 
escence of two or several »unilateral» marginal ice-lakes. They generally e 
stituted the last systems formed when the ice was thin and about to 
integrate. Therefore the meltwater could communicate through it and 
lakes came to be at the same level along both sides of the valleys. To * 
group the more open glacial lakes in the northern region have also b 
assigned. The outlets were sometimes subglacial-lateral but often they ¥ 
determined by the terrain. The different systems are described on p, 413—* 


The deglaciation:and connected problems 


The most detailed information concerning the deglaciation is obtai 
from the development of the glacial lakes. The most lucid mode of dese 
tion is by maps, and therefore eight have been drawn, showing the diffe: 
conditions during eight stages of the deglaciation (pl. 8, 9). A short abst! 
follows below. : 

Even when the highest points emerged as nunataks from the ice 
the meltwater gathered between the ice-free land and the ice, forming s 
ice-lakes. The later development seems clearly to indicate a deglaci 
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by successive thinning. Larger and larger land-areas became ice-free and 
the ice was more and more concentrated in the valleys. The primary nunatak 
ice-lakes changed during this process into numbers of »unilateraly marginal 
ice-lakes which were dammed up by the ice itself. When the latter was thin 
and in the process of disintegration the meltwater usually stood at the same 
evel along all the sides of the valleys and »double» marginal ice-lakes were 
‘ormed. During this period of shrinking, dead ice was often left behind in 
mall valleys. Owing to the existence of the higher zone in the central part 
yf the area, a larger part of the ice cap separated 8 of this zone. 

As always during the downwasting of an ice cap, the terrain played an 
mportant role. In the first hand the deep valleys were the most significant. 
The ice was not only concentrated in these but its dissolution was also deter- 
mined by their form and extent. This was also the case with the meltwater 
ind most glacial lakes were influenced by them, both in form and size. 

As meltwater developed, either as glacial lakes or as marginal streams, 
vhen the highest points emerged from the ice, the latter, even at this time 
ay below the firn limit. It was accordingly a relic, i. e. climatologically 
lead. During the whole time, however, there was a slow movement owing 
o different causes, and consequently a slow transport to the ice front always 
ook place. 

Concerning the ice terminus, great stagnations occurred on several oc- 
asions, due to numerous causes. Three, or probably four of them were due 
0 climatological fluctuations, i. e. periods of severe climate. Many others 
ppeared owing to terrain conditions. During the first two of these stagna- 
lon-phases, the ice front was still active, during the third partly active, 
artly passive, and during the last only passive. The outer drift-complexes 
herefore consist mostly of moraines, the third of both moraines and out- 
yash-deltas, and the last almost exclusively of stratified drift. This de- 
elopment is partly due to decreasing movements, owing to decreasing thick- 
ess of the ice, and partly to increasing ablation. 

Tn this abstract, some other problems may also be discussed, for instance, 

he gradient of the ice and the size of the recession and ablation. 
Usually the gradient of ancient ice caps has been estimated by the sloping 
f marginal drainage features. As this is only possible with the aid of strictly 
iarginal forms, and as only two of these have been observed in the area, 
‘t an estimate does not seem feasible here. 


is, however, possible to define approximatively the gradient by means 
he heights of different simultaneously formed glacial lakes. For this 
blem the relation between such lakes and the ice margin is of importance 
it seems as if the heights of the former have been determined by the 
, especially at the points of damming. The vertical difference between 
simultaneously formed ice-lakes would accordingly also indicate the 
ximate difference of the heights of the ice margin, i. e. the gradient. 
sed on this discussion, it is possible to construct a diagram, showing 
gradient of the ice and the position of the ice front during different 
of the deglaciation (fig. 29). From this diagram, the following con- 
ms have been drawn. At all stages the ice has had a somewhat steeper 
nt in the deeper southern valleys, a somewhat gentler one in the cen- 
and northern parts. The average value is between 0,35—0, 25 : 100. 
his is remarkable, but similar gradients have also been measured in Green- 
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land and computed approximately in North-America. A small flattening o 
curred in connection with the continued downwasting. During the earlie 
period (the first four stages), when the ice was still nearly uniform in tl 
whole area, the gradient and front-position seem to have been the same ; 
all regions. Later on, i. e. after a dissolution into different ice-tongues ha 
occurred, almost all of them reacted in a different manner and therefo: 
reached different heights and fronts. 

Concerning the recession, it is seen from the diagram, that during tl 
period of dissolution, it was slower in the central valley systems, contra 
to, for instance, that in the western valleys. That was also true of the thr 
ning. This seems to be due to the fact, that during this time the central i 
began to separate from the real ice cap and therefore dissolved more slowl 
But it has also been due to decreasing calving in these narrow fiords whi 
were sheltered by an archipelago. 

The problem of the ablation can also be discussed on the basis of the san 
assumption as above. The vertical difference in height between an older at 
a younger glacial lake must furthermore not only indicate the magnitue 
of the lowering between these lakes but also how extensive the thinni 
had been between these two periods, which are represented by the lak 
referred to. In that manner some approximate ablation-curves have be 
drawn (fig. 30). Unfortunately, however, no exact time-scale exists but om 
a relative one, based on the successive younger glacial lakes (expressed | 
their gradients). A certain source of error is, accordingly, conceivable chrom 
logically, as it is not clear, how long a time has passed between differe: 
stages of the development. The principle of the ablation will be seen, ev 
if the details are not always correct. 

The most important feature of this diagram is the clear decrease or almc 
total cessation of the ablation during some periods. That must be due ta 
very severe climate with consequent stagnations. That this probably was « 
is also indicated by the large terminal drift-complexes which were form: 
during these epochs. 


The land elevation 


As no eustatic movements seem to have occurred in the glacial lakes, on 
the land elevation as evidenced in the tilted shore planes, need be discusse 

As has been shown already, owing to the marine beaches in the area (v 
Post 1938, 1947, 1952), the land elevation has not decreased gradually 
to the present time. During several periods, discontinuities have appeai 
and the elevation has changed to probably short-timed submergences. Aft 
wards, rapid elastic movements took place, which restored the elevation! 
intensities already passed. This development is seen in the shore diagra: 
as younger shore planes having a steeper gradient than older and higl 
ones, and sometimes the former also cross the latter in their innermost pai 

I have termed these discontinuities phases of reversion. Four of thi 
can be discerned and as the development in the area possibly took pl: 
entirely in Gothiglacial time, they have been given the notation G4— 
Later on, such reversions have also occurred, these being called GF and 
because the first appeared during the transition period between Gothi- a 
Finiglacial time, the latter in older Finiglacial time (Gillberg 1952). 
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: The Ad ar is best seen by a Ss of its intensity (fig. 31, 32). 

n a co-ordinate system, the y-axis indicates the gradients of the tilted 
shore planes, i. e. the intensity, the x-axis the time, here expressed by the 
sequence of the glacial lakes, either with their successive heights or theirs 
successive gradients. From these curves, the following conclusions can be 
drawn. During the time of the oldest glacial lakes, the land elevation was 
great, but after each of the first two reversion-phases it has each time in- 
creased in intensity. Only then did it begin to decrease but has again, at 
least twice, been interrupted by reversions. The land elevation has accord- 
gly begun very early, probably a long time before the development of the 
oldest glacial lakes, i. e. when the ice cap was still uniform. Only when the 
recession from the transition zone between the coastal plain and the high- 
ands began, did the elevation reach its greatest intensity, i. e. during the 
beginning of the final dissolution of the ice cap. 

As these reversion-phases occurred during the same periods as the great 
simatic stagnations, differences of the ice pressure may be the cause of 
hese discontinuities. However, as these have apparently occurred in Post- 
flacial time as well (Florin 1944, 1948), i. e. when the ice could not have 
layed any important role, in the movement of the earthcrust, it seems 
obable that another explanation must be sought. Possibly recurrent pulsa- 
ions of any kind in the interior of the earth have been the cause of both 
limatic and isostatic variations (von Post 1952). 


The age of the deglaciation 


Unfortunately there are no exact age determinations from the area. This 
ust chapter contains therefore only a discussion partly of the relatively 
ossible datings, partly of the relative division of the Lateglacial time in 
Vestern Sweden (fig. 33). 

By varve counts the limit between the Gothi- and Finiglacial time has 
een determined to about 8200 B. C. The stagnation, which occurred im- 
lediately before this time, extended over about 700 years. Its lower limit 
ccordingly lies about 8900 B. C. Before this period, the Younger Dryas 
me, the Alleréd phase occurred. By C'4-measurings the upper limit of 
S epoch has been determined to about 8920 + 160 B. C. and its length 
| 000 years at least. Accordingly, its lower limit, i. e. towards Older Dryas 
e, may lie at least at 10000 B. C. 
is the oldest moraines of the Younger Dryas stagnation are situated im- 
ately north of the area, the ice cap may have melted away from there 
y about 100—200 years before, i. e. about 9000—9100 B. C. The drift- 
iplex of »Berghemsmoranen» was probably built up during Older Dryas 
e, the climate of which was more severe and therefore ought to have 
n characterized by a great stagnation. The recession between this com- 
ex and the moraines N of the area occurred accordingly during the Alleréd 
och. The southern drift-complex, »Goteborgsmoranen», must on the other 
ind be connected with Oldest Dryas time, which also was a period with 

rted climate. The epoch between this stagnation and the younger one is 
ad the Bolling period (Iversen 1942). During this time the recession be- , 
en »Géteborgsmoranen» and »Berghemsmorinen» occurred. According to 
nish interpretations the Oldest Dryas time occurred in youngest Dani- 
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glacial time but this assumption is perhaps not clearly proved. In any case 
the outer drift-complexes (»Hallandsmorinen» and »Submarina moraner» 
may have been built up during Daniglacial time, i. e. at least 13000 B. © 
(by De Geer’s chronology). 

According to these calculations, the recession was probably about 40 m 
per year, the ablation about 5 cm per year, and each stage of the glacia 
lakes may, on an average, have lasted about 70—75 years. Furthermore, 11 
is quite possible that the whole deglaciation in Western Sweden occurrec 
much more slowly than in Eastern Sweden. 
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Some Experiments on the Interaction between Feldspars and 
Salt Solutions 


A Preliminary Note 
By 


Lars-HENRIK ANDERSSON and BENcT LInDevVIST 


A great many experiments concerning the dissolution of feldspars in 
water of different acidities have previously been performed (e. g. 
JORRENS, 1939 and Tamm, 1934). In the following a brief report will 
9e given of experiments with solutions of certain pH-values and con- 
jaining varying amounts of different alkali halides. The minerals used 
vere microcline, albite and petalite. 

In a number of polythene bottles 2 g. of the powdered mineral was 
dded to 100 ml. of the alkali halide solution. In all experiments with 
certain mineral the samples were taken from the same powdered and 
arefully mixed specimen. The bottles were shaken twice a day and after 
ertain time intervals 2 ml. were withdrawn and analysed for the silica 
ontent. This was determined by a spectrophotometric method ac- 
ording to Muniin and Ritxy (1955). All solutions were prepared from 
istilled water saturated with carbon dioxide (pH about 6). With mi- 
rocline we also used solutions having approx. pH-values of 3 (0.001-M 
(Cl), 7 (CO,-free water) and 10 (approx. 0.0002-M NaOH) and also 
uffered solutions (pH = 4,6; NaAc-HAc) containing KCl and LiCl 
| different proportions. 

Some of the results are illustrated in fig. 1—4. It will be seen that 
le amount of dissolved silica decreases as the radius of the cation 
ereases. A greater alkali halide concentration gives a more accen- 
ated effect. The relative effects of the different cations are still 
aintained in both acid and alkaline solutions. Additional data indi- 
te the formation of some kind of protective layer around the par- 

les (compare CorrENS 1939). Albite behaves in the same way as 
icrocline but in the case of petalite, even the lithium chloride solu- 
A, aS compared to pure water, seems to retard the dissolution of 
sa. The mixed salt solutions give rise to a curve, the form of which 
ht be explained as a result of selective adsorption of the two cations. 
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It is very difficult to give a satisfactory explanation of these resw 
without more elaborate experiments. However, it seems probable th 
the effects must be intimately connected with adsorption and oth 
surface reactions. 

The experiments will be continued along the lines sketched. 


Our thanks are due to Prof. E. Norin and Dr. F. Nypaut for 1 
facilities put at our disposal and to Dr. I. Linpevist for valuable di 
cussions. 


Uppsala, Institute of Chemistry and Mineralogical-geological L 
stitute. 
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Aufbau und Sedimentationsrhythmen der Kagerédformation 
in der Bohrung Klappe im nordwestlichen Schonen 


Von 


ERHARD KOSTER 
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Die Sedimente der Kager6édformation im nordwestlichen Schonen 

ind aus einer Anzahl von Aufschliissen und aus ca 80 Bohrungen 
yekannt. Die Lage des Bohrpunktes Klappe und die mutmassliche 
Ausbreitung der Formation in Nordwestschonen ist aus der Uber- 
ichtskarte Fig. 1 ersichtlich. Die Grésse dieses Gebietes betrigt ca 
600 qkm. Das Hangende in diesem Abschnitt besteht aus Quartir 
der Rhat, das Liegende aus Kambrosilur oder Archaikum. Das lie- 
ende Kambrosilur erstreckt sich tiber das Gebiet, das durch Oresund, 
<ullaberg, Sdderasen, Romeledsen begrenzt wird, das liegende Archai- 
um iiber das Gebiet Angelholmbecken, Ringsjébecken (Troedsson 1942, 
. 296). 
Die Ausbreitung der Formation beschrankt sich nicht auf Nord- 
tschonen, sondern dehnt sich auch auf das mittlere und siidwest- 
e Schonen aus. Im mittleren Teil Schonens sind Sedimente der 
agerddformation u. a. festgestellt worden durch Bohrungen bei 
und, im siidwestlichen Teil durch Bohrungen bei Héllviken. In der 
ten Bohrung hat das Sediment eine Machtigkeit von 159 m und 
rd dem oberen Teil des oberen Keupers zugeteilt (Brotzen). 

grésste Machtigkeit von Kagerédsediment wurde bisher festge- 
in den Bohrungen von Hoégands mit 136 m, Bjuv mit 182 m 
Yoedsson 1934, S. 6) und Klappe mit 271 m (Troedsson 1951, 8. 44). 
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krona 


mm Kégerodformation 
= Kambrosilur . 
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SS ee | 
0 10 20 km nach G-Troedsson 


Fig. 1. Ubersichtskarte. 
Die der Kagerédformation aufliegenden Sedimente sind abgedeckt. 
For publicering godkind i rikets allmanna kartverk den 10 april 1956. 


Vollstaéndig durchteuft wurde die Formation u. a. in der Bohrung 
Balteberga mit 80 m, von der jedoch die oberen Partien fehlen, 
Haberga mit 37 m (Troedsson 1934, 8. 6), Nya Vilhelmsfalt mit 5 m, 
Skromberga mit 79 m, Hérby mit 38 m (Troedsson 1951), Ekeby mit 40 m 
(Erdmann, 8. 38). Hine Ubersicht iiber die vor 1942 durchgefithrten 
Bohrungen im Kagerédsediment bringt Troedsson (1942, S. 302, 303). 
Da die meisten Bohrungen in diesem Gebiet aus wirtschaftlichen 
Griinden. erfolgten und unter der Héganas-Serie Nordwestschonens 
keine Bodenschatze erwartet werden, wurden sie in der Regel vor 
Durchteufung der Kagerédformation abgebrochen. 

Das Sediment besteht aus Konglomeraten, Arkosen, Sandsteinen und 
Tonen von geringer Sortierung, wechselnder Verkittung und wechselnder 
Harte. Es wird allgemein angenommen, dass es in Nordwestschonen 
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kontinental unter Einwirkung eines semi-ariden, ariden oder extrem 
ariden Klimas aus Verwitterungsresten des nahe anstehenden alteren 
Untergrundes abgelagert ist. Im westlichen Abschnitt — dem jetzigen 
Kiistengebiet — dominiert der Ton, im nordéstlichen Teil des Gebietes 
herrschen Sande vor (Troedsson 1934, S. 7). 


Profil und Aufbau der Bohrung Klappe 


Die Bohrung Klappe wurde im Jahre 1919 im Auftrage von Héganas 
AB durchgefiihrt, kontrolliert von Professor K. A. Grénwall unter 
Mitarbeit von Amanuens, jetzigem Staatsgeologen Dr. G. Ekstrém, 
der das Protokoll fiihrte. Diesem Protokoll liegen die in dieser Arbeit 
aufgefiihrten Profilangaben, insbesondere die Machtigkeiten der Schich- 
ten, die Fallwinkel und die petrographischen Bestimmungen zu Grunde. 
Sie wurden jedoch an den Entnahmestellen der granulometrisch unter- 
suchten Proben und in verschiedenen Schichtserien erginzt. 

Die in Klappe erbohrte Kagerédformation liegt zwischen 246,76 m 
und 517,81 m Tiefe. Das Hangende besteht aus Sedimenten der Vall- 
akra-Serie. Das Liegende wurde nicht erreicht, weil die Bohrung vor 
vollstandiger Durchteufung abgebrochen wurde. Das Sediment besteht 
auch in dieser Bohrung aus Konglomeraten, Arkosen, Sandsteinen und 
Tonen von wechselndem Kalkgehalt und wechselnder Harte. Grobe 
Sortierung schliesst eine scharfe Trennung zwischen Konglomeraten, 
Sandsteinen und Tonen aus, sodass Ubergiinge vorhanden sind. 

Der Wechsel der Ablagerungen erfolgt im mittleren Abschnitt in 
kurzen, im oberen und im unteren Teil in grésseren Perioden (Fig. 2, 
Profil). Troedsson (1942, 8. 306) trennt eine obere Tonserie mit 29,64 
m von einer unteren Sandstein- und Arkose-Serie mit 241,41 m Mach- 
tigkeit. Er stellt weiter fest, dass sich das Profil ahnlich wie in der Boh- 
rung Bjuv in mehreren Zyklen yon 35—40 m Machtigkeit wiederholt 
(1942, S. 307). Diese Abschnitte sind in der nachfolgenden Unter- 
suchung aus Griinden der Ubersichtlichkeit beibehalten, bzw. ver- 
feinert worden. Ein Versuch zu einer EHinteilung nach Zyklen wird 
am Schluss dieser Arbeit vorgenommen. 


Die erbohrte Strecke enthalt: 


; Konglomerate mit 9,9 m=—4% 
Sandsteine und Arkosen » 200,7 » = 74 % 
Tone yea 60,4- 91 22 % 


Diese Aufteilung wurde durchgefiihrt auf Grund der Angaben des 
Bohrprotokolls (Ekstré6m) unter Beriicksichtigung der Untersuchung 
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Fig. 2. Profil, Kalkhorizonte und Grundfarben. 


Bd 78. H. 3] auFBAU UND SEDIMENTATIONSRHYTHMEN 467 


der oberen 80 m des Profils (Hadding IIT, S. 201) und der granulometri- 
schen Untersuchungen des Verfassers. 


Ks entfallen in % auf je 25 m: 


Arkosen u. 


von bis Konglomerate Rend stains Tone 
246,76—275,00 m — 18,8 81,1 
275,00—300,00 1,4 74,0 24,5 
300,00—325,00 0,8 73,8 25,5 
325,00—350,00 1,4 81.9 16,7 
350,00—375,00 8,2 79,8 12,0 
375,00—400,00 re 89,9 7,8 
400,00—425,00 0,4 83,3 ibys 
425,00—450,00 6,8 88,8 4,4 
450,00—475,00 2,9 84,6 12,4 
475,00—500,00 8,9 63,7 27,4 
500,00—517,81 8.9 86,2 4,9 


Die Tabelle zeigt, dass die Tone bis zur Tiefe von 275 m mit iiber 
3/4 den gréssten Anteil an den Sedimenten haben. Bis 325 m betragen 
sie 1/4, unter 325 m 1/5 bis 1/8 mit Ausnahme der Abteilungen zwischen 
425—450 m und zwischen 500—517 m, wo der Anteil nur 1/20 betragt. 
Umgekehrt dazu verhalten sich die grobklastischen Bestandteile. Die 
Verteilung ist im Diagramm a von Fig. 3 dargestellt. 

Die Verfeinerung der Abschnitte ist in der nachfolgenden Tabelle 
durchgefiihrt. Sie beginnen in der unteren Schicht jeweils mit einem 
oder mehreren grobklastischen Horizonten. 


‘ ; : Konglomerate Arkosen u- Tone 
Abschnitt Tiefe von—bis Meter as Sandsteine : 4 
in % in % in % 
A 246,76—276,40 m 29,64 1 22 77 
B 276,40—294,10 17,70 1 89 10 
C 294,10—323,70 29,60 1 67 32 
D 323,70—369,79 46,09 5 id, 18 
E 369,79—409, 84 40,05 2 93 5 
F 409,84—446,10 36,26 2 86 12 
G 446,10—474,70 28,60 3 83 14 
H 474,70—489,55 14,85 15 74 1a 
ii 489,55—516,08 26,53 6 75; 19 
Kk 516,08—517,81 1,73 — 50 50 


Diese Aufteilung ist im Diagramm b von Figur 3 dargestellt. Abschnitt 
O zeigt einen starken Tonanteil gegeniiber B. Der Anteil in E ist be- 
sonders gering. Die Kurven von Ton und Sandstein sind ausgeglichener 
wis in der willkiirlichen Aufteilung nach Abstinden von 25 m. Der 
tere Abschnitt K ist im Diagramm fortgelassen, weil es sich hier 
im einen angeschnittenen Zyklus handelt. 

Kalkgehalt ist im gesamten Bohrkern festgestellt worden. Seine Ver- 
eilung ist aus Fig. 2 (Profil) ersichtlich. Die Verteilung der Machtigkeit 
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Fig. 3. Verteilung der Sedimente 


a) in Abstinden von 25 m 
b) in den Abschnitten A—I. 
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des kalkhaltigen Gesteins in %, berechnet fiir je 25 m Bohrkern, zeigt 
die nachfolgende Tabelle: 


in Sandsteinen 


Tiefe von — bis Ae in Tonen 
246,76—275,00 m 15,0 % 49,0 % 
275,00—300,00 13,6 — 
300,00—325,00 1329 16,3 
325,00—350,00 20,2 16,7 
350,00—375,00 16,5 7,0 
375,00—400,00 25,0 5,9 
400,00—425,00 66,8 10,8 
425,00—450,00 11,0 — 
450,00—475,00 41.6 7,4 
475,00—500,00 30,6 Be 
500,00—517,81 2,3 4,9 


Sedimentologie 


Die Separierung erfolgte nach Auflosung des Gesteins in den Korn- 
grossen tiber 0,06 mm durch Siebung, in den Korngréssen unter 0,06 
mm durch Schléammung. 

Magnetite waren in den untersuchten Proben nicht vorhanden. 
Kaolin kommt laut Bohrprotokoll in vielen Schichtserien vor. Kine 
von Dozent P. Liunggren durchgefiihrte Untersuchung nach der Rént- 
gen-Pulvermethode ergab bei der Probe 61 (< 0,06 mm) Kaolinit 
und Quarz. Da die iibrigen Proben nach dieser Methode nicht unter- 
sucht werden konnten, wurde bei begriindetem Verdacht auf Kaolinit 
die Bezeichnung »kaolinartiges Bindemittel» angewandt. 


Konglomerate 


Die in der nachfolgenden Tabelle aufgefiihrten petrographischen 
Bestimmungen sind dem Bohrprotokoll entnommen. 


Es sind Konglomerate vorhanden: 


‘Abschnitt 

A (30 m miachtig) mit 0,18 m in 1 Horizont: eam kambrischer Sandstein, 
neis 

B (18 » »  ), es 020) 3. e L » :  kambrischer Sandstein 

C (30 » » ) » 0,26 » » 3 Horizonten: kambrischer Sandstein, Feldspat, 
Quarz 

D (46 » to eee 20 e 9 » : Urgestein, kambrischer Sandstein, 
Griinstein, Schiefer, kalzedonartiger 
Jaspis,! Feldspat, Quarz, Keuper- 
Kalkkonkretionen, Gneis 

E (40 » » ) » 0,66 » » 4 » : Gneis, kambrischer Sandstein, Feld- 
spat, Quarz, Urgestein, Keupergestein 

F (36 » be) bert700 > » 4 » : kambrischer Sandstein, Urgestein, 


Griinstein, Keuper 


1 Bei Ottarp und Sireképinge wurde in der Kagerédformation im konglomeratischen 
Sandstein ebenfalls kalzedonartiger Jaspis gefunden (Nathorst, S. 167; Erdmann, 8. 31). 
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Abschnitt 

G (29 m miachtig) mit 0,51 m in 4 Horizonten: Urgestein, kambrischer Sandstein, 
Keuper, Gneis 

H (15 » >) ee eevee » : Kristallsandstein, Griinstein, Urge- 
stein, kambrischer Sandstein, Keuper- 
gestein 

(aD ey ARG ok Hd » : kambrischer Sandstein, Keuperge- 
stein, Diabas, Urgestein, Griinstein, 
Kristallsandstein 


Die meisten Konglomeratschichten befinden sich im Abschnitt D. 
Die Anzahl dieser Horizonte verringert sich nach oben mehr als nach 
unten. Die Gesteine zeigen Verwitterungsspuren in Form von schwar- 
zen, glinzenden Uberziigen und zum Teil dunklen, kérnigen Ober- 
flichen. Plattige Stiicke haben je eine dunkle und eine helle Flache. 
Die grésseren Stiicke sind gerundet, die kleineren wenig oder garnicht. 
Die granulometrische Untersuchung konnte auf drei Horizonte be- 
schrankt werden, weil die wechselnden Korngréssen keine Schliisse auf 
systematische Verdnderung erlauben, wie spiter nachgewiesen wird. 


Abschnitt D 323,70—369,79 m 


Probe 51 in Tiefe von 331,30 m besteht aus Gneis, kambrischem Sand- 
stein, Quarz und Feldspat mit kaolinartigem Bindemittel. 
Das Diagramm zeigt, der Entnahmestelle der Probe in der 
Ubergangszone zur aufliegenden Arkose entsprechend, einen 
gleichmiassigen Verlauf der Korngréssenkurve. Ihr Kulmina- 
tionspunkt hegt zwischen 0,49—0,25 mm Korngrosse. 

Probe 58 in Tiefe von 350,10 m besteht aus Gneis, kambrischem Sand- 
stein, Schiefer, Quarz und Feldspat mit kalkhaltigem Binde- 
mittel. Der Verlauf der Korngréssenkurve ist unregelmissig 
und kennzeichnet den Charakter als Konglomerat. Der 
Anteil an Material unter 0,06 mm ist gering. 


Abschnitt H 474,70—489,55 m 


Probe 83 in Tiefe von 488,10 m besteht aus Gneis, kambrischem Sand- 
stein, Griinstein, Quarz und Feldspat mit kalkhaltigem Binde- 
mittel. Der Verlauf der Korngréssenkurve ist unregelmassig. 
Der Anteil an Material unter 0,06 mm ist gering. 


(Fig. 4, Diagramm Pr. 51, 58, 83) 
Sandsteine und Arkosen 


Die Farben der Sandsteine sind weiss, grau, griinlichgrau mit braunen 
Flecken, graublau, griinlich, rotbraun, braun und dunkelbraun. Weisse, 
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graue und grinliche Farben kommen vorwiegend in den oberen 
Partien vor, in den mittleren und unteren dominieren braunliche 
Ténungen (Fig. 2, Profil). 

Die in grésseren Stiicken vorkommenden Cesteinsarten zeigen viel- 
fach die gleichen Verwitterungsspuren, wie sie bei den Konglomeraten 
festgestellt wurden. Diabas-oder Griinsteinbeimengungen treten erst 
in kleinen Korngréssen auf, wie auch die Konglomerate von Balteberga 
und Hoby nur stark verwitterte Diabase enthalten (Hadding II, 8. 98, 
100). Zu ihnen wird auch ein Teil der dunklen Silikatminerale ge- 
héren, die sich in der Korngrésse unter 0,25 mm zeigen. 

Die Sandsteine bestehen sémtlich aus Quarzsand mit Beimengungen 
von Feldspat und dunklen Silikatmineralen. In den grésseren Korn- 
grossen enthalten sie vielfach Zusatze von Gneisstiickchen und kambri- 
schem Sandstein. 


Abschnitt A 246,76—276,40 m 


Probe 35 in Tiefe von 252,50 m besteht aus einem weissen, harten, 
vorwiegend mittelkérnigen Sandstein mit kaolinartigem 
Bindemittel. Die Kornverteilungskurve beginnt mit Spuren 
bei 1,02—0,49 mm und kulminiert bei 0,25—0,12 mm Korn- 
grosse. Die Kurve ist wenig ausgeglichen. 


Probe 36 in Tiefe von 254,40 m besteht aus einem weissen, harten, 
grob- bis mittelkérnigen, arkosischen, Sandstein mit kaolin- 
artigem Bindemittel. Die Kornverteilungskurve beginnt bei 
> 2,0 mm, kulminiert bei 1,02—0,49 mm und ist gut aus- 
geglichen, 

Probe 38 in Tiefe von 275,95 m besteht aus einem harten, graugriin- 
lichen, mittelkérnigen Sandstein mit kaolinartigem Binde- 
mittel. Die Kornverteilungskurve beginnt mit Spuren bei 
1,02—0,49 mm, kulminiert bei 0,25—0,12 mm und ist 
wenig ausgeglichen. 

(Fig. 5, Diagramm Pr. 35, 36, 38) 


Abschnitt B 276,40—294,10 m 


Probe 40 in Tiefe von 280,20 m besteht aus einer grauen, griin- und 
braunfleckigen, miirben, grob- bis mittelkérnigen Arkose. 
Die Kornverteilungskurve beginnt mit Spuren bei > 6,0 
mm und kulminiert bei der Korngrésse 1,02—0,25 mm. Der 
Anstieg ist nicht, der Abfall gut ausgeglichen. 
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Fig. 4. Korngréssenverteilung in den Fig. 6. Korngréssenverteilung in den 
Konglomeraten (Probe 51, 58, 83). Arkosen (Probe 40, 42). 


10 cee 0,001mm 
Fig. 5. Korngréssenverteilung in den Fig. 7. Korngréssenverteilung in den 
Sandsteinen (Probe 35, 36, 38). Sandsteinen (Probe 43, 45, 47). 


Probe 42 in Tiefe von 292,25 m besteht aus einer graublauen bis 
hellgriinlichen, grob- bis mittelkérnigen Arkose. Die Korn- 
verteilungskurve beginnt mit Spuren bei > 6,0 mm, kul- 
miniert bei der Korngrésse 0,49—0,25 mm und verliduft 
ausgeglichen. 

(Fig. 6, Diagramm Pr. 40, 42) 
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Abschnitt C 294,10—323,70 m 


Probe 43 in Tiefe von 301,40 m besteht aus einem graublauen. bis 
grinlichen, braunfleckigen, grob- bis mittelkérnigen, arko- 
sischen Sandstein mit kaolinhaltigem Bindemittel. Die Korn- 
verteilungskurve beginnt bei > 6,0 mm, kulminiert in der 
Korngrésse zwischen 1,02—0,25 mm und verlauft im Anstieg 
ungleich, im Abfall gleichmassig. 


Probe 45 in Tiefe von 314,30 m besteht aus einem grauen, harten, grob- 
bis mittelkérnigen, arkosischen Sandstein mit kaolinartigem 
Bindemittel. Die Kornverteilungskurve beginnt bei der Korn- 
grosse 2,0—1,02 mm, steigt unausgeglichen zum Kulmina- 
tionspunkt zwischen 1,02—0,49 mm und fallt ausgeglichen. 


Probe 47 in Tiefe von 320,90 m besteht aus einem rotbraunen, griin- 
fleckigen, harten, mittel- bis feinkérnigen Sandstein mit 
grossem Tonanteil, Kalkkonkretionen und Gleitflachen. Die 
Kornverteilungskurve beginnt mit Spuren bei der Korn- 
grosse 1,02—0,49 mm, steigt unausgeglichen zum Kulmina- 
tionspunkt zwischen 0,25—0,12 mm, fallt etwas und steigt 
wieder bei < 0,06 mm. Dieser Anteil hat seinen héchsten 
Wert zwischen 62—31 yw und fallt gleichmassig bis zur 
Grosse 4—2 pw. 

(Fig. 7, Diagramm Pr. 43, 45, 47) 


Abschnitt D 323,70—369,79 m 


Probe 49 in Tiefe von 326,50 m besteht aus einem blaugrauen, miirben, 
grob- bis mittelkérnigen, arkosischen Sandstein. Die Korn- 
verteilungskurve verlauft, abgesehen von einem erheblichen 
Anteil tiber 6,0 mm, gleichmassig iiber einen Kulminations- 
punkt zwischen 0,49—0,25 mm. 


Probe 50 in Tiefe von 328,85 m bsteht aus einem griinlichen, weichen, 
mittelkérnigen Sandstein. Die Kornverteilungskurve beginnt 
mit Spuren bei > 2,0 mm und verlauft unausgeglichen. 


Probe 53 in Tiefe von 334,80 m besteht aus einem blaugrauen bis 
griinlichen, harten, grob- bis mittelkérnigen, arkosischen 
Sandstein mit kaolinartigem Bindemittel. Die Kornvertei- 
lungskurve beginnt mit Spuren bei > 2,0 mm, kulminiert 
bei der Korngrésse 0,49—0,25 mm und verlauft gleich- 
miassig, abgesehen von einem starken Anteil unter 0,06 mm. 
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in Tiefe von 337,90 m besteht aus einem rotbraunen, harten, 
mittelkérnigen Sandstein mit Hisenoxydkonkretionen. Die 
Kornverteilungskurve beginnt bei > 6,0 mm, kulminiert 
bei der Korngrésse 0,49—0,12 mm und verlauft gleich- 
missig, abgesehen von einem starken Anteil unter 0,06 mm. 


in Tiefe von 338,82 m besteht aus einem hellblaugrauen bis 
eriinlichen, grob- bis mittelkérnigen, arkosischen Sandstein 
mit kaolinartigem Bindemittel. Die Kornverteilungskurve 
beginnt bei > 2,0 mm und verlauft ungleichmassig. 


in Tiefe von 341,00 m besteht aus eem-griinlichen, miirben, 
mittelkérnigen Sandstein mit kalkhaltigem Bindemittel. Die 
Kornverteilungskurve beginnt mit Spuren bei > 2,0 mm, 
kulminiert zwischen 0,49—0,25 mm und verlauft ausgeglichen. 


in Tiefe von 360,70 m besteht aus einem griinlichen, harten, 
grob- bis mittelkérnigen, arkosischen Sandstein mit kaolin- 
artigem Bindemittel. Die Kornverteilungskurve beginnt bei 
> 6,0 mm, kulminiert nach steilem Anstieg zwischen 1,02 
—0,49 mm und fallt gleichmassig. 


in Tiefe von 363,10 m besteht aus einem griinlichen, harten, 
mittelkérnigev, arkosischen Sandstein mit Kaolin. Die Korn- 
verteilungskurve beginnt bei > 2,0 mm, kulminiert zwischen 
0,49—0,25 mm und verlauft gleichmissig. 

in Tiefe von 369,05 m besteht aus einer hellblaugrauen, 
harten, grob- bis mittelkérnigen Arkose. Die Kornverteilungs- 
kurve beginnt bei > 6,0 mm, kulminiert zwischen 1,02— 
0,25 mm und verléuft verhiltnismassig gleichmassig, ab- 
gesehen von einem starken Anteil zwischen > 6,0—2,0 mm. 
Der Anteil unter 0,06 mm ist sehr klein. 


(Fig. 8, Diagramm Pr. 49, 50, 53, 54, 55, 56, 60, 61, 62) 


Abschnitt E 369,76—409,84 m 


Probe 63 


Probe 65 


in Tiefe von 377,40 m besteht aus einem grinlichen, harten, 
grob- bis mittelkérnigen, arkosischen Sandstein mit kaolin- 
artigem Bindemittel. Die Kornverteilungskurve beginnt mit 
Spuren bei > 2,0 mm, steigt unausgeglichen auf den Kul- 
minationspunkt zwischen 1,02—0,49 mm und fallt ausge- 
glichen. 


in Tiefe von 397,20 m besteht aus einer graubraunen, harten, 
grobkérnigen Arkose. Die Kornverteilungskurve beginnt bei 
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Fig. 8. Korngréssenverteilung in den Fig. 9. Korngréssenverteilung in den 

Arkosen und Sandsteinen (Probe 49, 50, Arkosen und Sandsteinen (Probe 63, 
53, 54, 565, 56, 60, 61, 62). 65, 66, 67, 68). 


> 6,0 mm, steigt unausgeglichen zum Kulminationspunkt 
zwischen 1,02—0,49 mm und fallt ausgeglichen. 


Probe 66 in Tiefe von 400,30 m besteht aus einem rotbraunen, harten, 
mittelkérnigen Sandstein mit tonigem Bindemittel, Kalk- 
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konkretionen und Eisenoxydkonkretionen. Die Kornver- 
teilungskurve beginnt mit Spuren bei 1,5 mm, kulminiert 
nach steilem Anstieg zwischen 0,25—0,12 mm und fiallt 
gleichmassig. 
in Tiefe von 406,95 m besteht aus einem braunen, harten, 
mittelkérnigen, arkosischen Sandstein. Die Kornverteilungs- 
kurve beginnt bei > 6,0 mm, kulminiert zwischen 0,49— 
0,25 mm und verlauft gleichmassig, abgesehen von einem 
starken Anteil in der Korngrésse > 6,0 mm. 
in Tiefe von 409,70 m besteht aus einem hellgrauen, harten, 
grob- bis mittelkéruigen, arkosischen Sandstein. Die Korn- 
verteilungskurve beginnt bei > 2,0 mm, kulminiert zwischen 
1,02—0,25 mm und verliuft ausgeglichen. 

(Fig. 9, Diagramm Pr. 63, 65, 66, 67, 68) 


Abschnitt F 409,84—446,10 m 


Probe 70 


Probe 71 


Probe 72 


Probe 73 


in Tiefe von 416,50 m besteht aus einem weissen, braun- 
fleckigen, miirben, grobkérnigen, arkosischen Sandstein. Die 
Kornverteilungskurve beginnt bei > 6,0 mm, kulminiert 
zwischen 2,0—0,49 mm und verlauft ausgeglichen. 


in Tiefe von 420,10 m besteht aus einem rotbraunen, griin- 
fleckigen, harten, mittel- bis feinkérnigen Sandstein mit 
tonigem Bindemittel. Die Kornverteilungskurve beginnt mit 
Spuren zwischen 2,0—1,02 mm und verlauft ungleichmassig. 
Der Anteil unter 0,06 mm ist gross. 

in Tiefe von 425,00 m besteht aus einem rotbraunen, fein- 
kérnigen Sandstein mit Kalkkonkretionen und stark tonigem 
Bindemittel. Die Kornverteilungskurve beginnt mit Spuren 
zwischen 2,0—0,49 mm und steigt gleichmissig bis zur Korn- 
grésse < 0,06 mm. Die Kurve dieses Anteils fallt von der 
Korngrésse 62—31 yu bis auf die Korngrésse 8—4 wu und steigt 
wieder bis < 2 uw. Die Farbe andert sich von dunkelbraun 
bei kleiner werdender Korngrésse zu hellbraun. 

in Tiefe von 438,70 m besteht aus einem braunen, miirben, 
mittelkérnigen, arkosischen Sandstein mit eingestreuten grés- 
seren Quarzen. Die Kornverteilungskurve beginnt bei > 2,0 
mm und verlauft gleichmassig, abgesehen von einem erheb- 
lichen Anteil > 2,0 mm, iiber einen Kulminationspunkt 
zwischen 0,49—0,25 mm. 


(Fig. 10, Diagramm Pr. 70, 71, 72, 73) 
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Fig. 10. Korngréssenverteilung in den Fig. 11. Korngréssenverteilung in den 
Sandsteinen (Probe 70, 71, 72, 73). Sandsteinen (Probe 76, 77, 78, 79). 


Abschnitt G 446,10—474,70 m 


Probe 76 in Tiefe von 458,40 m besteht aus einem rotbraunen, lockeren, 


Probe 77 


Probe 78 


Probe 79 


mittelkérnigen Sandstein mit Kalkkonkretionen. Die Korn- 
verteilungskurve beginnt zwischen 2,0—1,02 mm, kulminiert 
zwischen 0,25—0,12 mm und verlauft aufsteigend gleich- 
massiger als abfallend. 

in Tiefe von 462,20 m besteht aus einem rotlichbraunen, 
harten, mittelkérnigen, arkosischen Sandstein. Die Korn- 
verteilungskurve beginnt bei > 2,0 mm, kulminiert zwischen 
0,49—0,25 mm und verlauft gleichmiassig. 

in Tiefe von 466,38 m besteht aus einem hellgrauen, harten, 
grobkornigen, arkosischen Sandstein mit Hisenoxydkonkre- 
tionen. Die Kornverteilungskurve beginnt bei > 2,0 mm, 
kulminiert zwischen 1,02—0,49 mm und verlauft gleich- 
massig. 

in Tiefe von 470,10 m besteht aus einem rotbraunen, miirben, 
grob- bis mittelkérnigen, arkosischen Sandstein. Die Korn- 
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Fig. 13. Korngréssenverteilung 
im Sandstein (Probe 85). 


Ql 007 0,007 mm 
Fig. 12. Korngréssenverteilung in den Fig. 14. Korngréssenverteilung 
Sandsteinen (Probe 80, 81, 82). im Ton (Probe 37). 


verteilungskurve beginnt bei > 2,0 mm und kulminiert 
zwischen 1,02—0,25 mm. Einem ungleichen Anstieg folgt ein 
ausgeglichener Abfall. 

(Fig. 11, Diagramm Pr. 76, 77, 78, 79) 


Abschnitt H 474,70—489,55 m 


Probe 80 in Tiefe von 474,90 m besteht aus einem rotbraunen, harten, 
mittelkérnigen Sandstein mit tonigem Bindemittel. Die Korn- 
verteilungskurve beginnt mit Spuren zwischen 2,0—1,02 mm, 
kulminiert nach gleichmassigem Anstieg zwischen 0,25—0,12 
mm und fallt unausgeglichen. 

Probe 81 in Tiefe von 481,50 m besteht aus einem rotbraunen, harten, 
feinkornigen Sandstein mit stark tonigem Bindemittel. Die 
Kornverteilungskurve beginnt mit Spuren zwischen 1,02— 
0,49 mm und steigt ungleichmassig auf die Grosse < 0,06 
mm. Die Kurve dieses Anteils fallt gleichmassig von der 
Korngrésse 62—31 mu auf die Korngrésse 4—2 w und steigt 
wieder bei < 2 uw. Die Farbe andert sich von dunkelbraun 
mit kleiner werdender Korngrésse zu hellbraun. 


Probe 82 in Tiefe von 484,20 m besteht aus einem rotbraunen, harten, 
mittelkérnigen, arkosischen Sandstein, Die Kornverteilungs- 
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kurve beginnt mit Spuren zwischen 6,0—2,0 mm, kulminiert 
zwischen 0,49—0,25 mm und verlauft gleichmissig. 
(Fig. 12, Diagramm Pr. 80, 81, 82) 


Abschnitt I 489,55—516,08 m 


Probe 85 in Tiefe von 514,90 m besteht aus einem dunkelbraunen, 
miirben, grob- bis mittelkérnigen Sandstein mit tonigem 
Bindemittel. Die Kornverteilungskurve beginnt bei > 2,0 
mm, kulminiert zwischen 0,49—0,25 mm und verlauft gleich- 
massig. 

(Fig. 13, Diagramm Pr. 85) 


Tone 


Die Farben der Tone sind rotflammig griingrau, graufleckig rot- 
braun, graublau, braunrot und braun. Die grauen Farben kommen 
vorwiegend in den oberen Partien vor. In der mittleren und unteren 
dominieren braunliche Ténungen (Fig. 2, Profil). Die braunfarbigen 
Tone werden in den Korngréssen unter 60 w mit geringer werdendem 
Durchmesser heller. Der oft betrachtliche sandige Anteil der Tone 
besteht vorwiegend aus Quarz mit Beimengungen von Feldspat und 
dunklen Silikatmineralen. 


Abschnitt A 246,76—276,40 m 


Probe 37 in Tiefe von 271,00 m besteht aus einem rotbraunen, griin- 
fleckigen, weichen Feinton. Der sandige Anteil beginnt mit 
geringen Spuren zwischen 0,49—0,25 mm. Der Anteil unter 
0,06 mm setzt sich dusserst ungleich zusammen. Der Anteil 
< 2 w ist gross. 

(Fig. 14, Diagramm Pr. 37) 


Abschnitt B 276,40—294,10 m 


Probe 39 in Tiefe von 276,50 m besteht aus einem rotbraunen, griin- 
fleckigen, groben Ton mit Gleitflichen und teilweise schwa- 
cher Schichtung. Der sandige Anteil beginnt mit geringen 

Spuren zwischen 1,02—0,49 mm. Der Anteil unter 0,06 mm 
ergibt aufgeteilt eine gleichmassig fallende Kurve. 
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Fig. 15. Korngréssenverteilung in 
den Tonen (Probe 39, 41). 
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Fig. 16. Korngréssenverteilung in 
den Tonen (Probe 44, 46). 
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Fig. 17. Korngréssenverteilung in 
den Tonen (Probe 48, 52, 57, 59). 


Probe 41 in Tiefe von 283,05 m besteht aus einem rotbraunen, griin- 
fleckigen, groben Ton. Der sandige Anteil beginnt mit Spuren 
zwischen 1,02—0,49 mm. Der Anteil unter 0,06 mm hat seine 
héchsten Werte zwischen 62—16 w. Er fallt ungleich. 


(Fig. 15, Diagramm Pr. 39, 41) 
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Abschnitt C 294,10—323,70 m 


Probe 44 in Tiefe von 310,90 m besteht aus einem rotbraunen, griin- 
fleckigen, harten, sandigen Ton mit Gleitflachen. Der sandige 
Anteil beginnt mit Spuren in der Grésse zwischen 1,02—0,49 
mm. Der Anteil unter 0,06 mm ergibt aufgeteilt eine gleich- 
massig fallende Kurve zwischen 62—31 mu und 4—2 ML 


Probe 46 in Tiefe von 315,50 m besteht aus einem rotbraunen, griin- 
fleckigen, sandigen Ton. Der sandige Anteil beginnt mit 
Spuren zwischen 1,02—0,49 mm. Der Anteil unter 0,06 mm 
hat seine héchsten Werte zwischen 62—16 yu. Die Kurve 
verlauft unausgeglichen. 


(Fig. 16, Diagramm 44, 46) 


Abschnitt D 323,70—369,79 m 


Probe 48 in Tiefe von 324,00 m besteht aus einem rotbraunen, harten, 
sandigen Ton. Der sandige Anteil beginnt mit geringen Spuren 
in der Korngrésse zwischen 0,49—0,25 mm. Der Anteil unter 
0,06 mm hat seinen Kulminationspunkt zwischen 31—16 uw. 
Er fallt gleichmassig auf < 2 yp. 

Probe 52 in Tiefe von 334,50 m besteht aus einem rotbraunen, harten, 
groben Ton mit Kalkkonkretionen und Rutschflichen. Der 
sandige Anteil beginnt mit geringen Spuren in der Korn- 
grosse zwischen 0,49—0,25 mm. Der Anteil unter 0,06 mm 
hat seinen Kulminationspunkt zwischen 31—16 yw. Die Kurve 
fallt gleichmassig. 

Probe 57 in Tiefe von 349,20 m besteht aus einem rotbraunen, harten, 
sehr sandigen Ton. Der Sandanteil beginnt mit geringen Spu- 
ren in der Korngrésse zwischen 1,02—0,49 mm. Der Anteil 
unter 0,06 mm ergibt aufgeteilt eine gleichmissig fallende 
Kurve zwischen den Korngréssen 62—31 mw und 4—2 uw. 

Probe 59 in Tiefe von 351,70 m besteht aus einem rotbraunen, harten, 
stark sandigen Ton mit Kalkkonkretionen. Der sandige Anteil 
beginnt mit geringen Spuren in der Korngrésse zwischen 1,02 
—0,49 mm und hat seinen Kulminationspunkt zwischen 0,25 
—0,12 mm. Nach einem Abfall steigt die Kurve wieder bei 
< 0,06 mm. Der Anteil unter 0,06 mm ergibt aufgeteilt eine 
gleichmassige Kurve, die von der Korngrésse 62—31 w auf 
4—2 wu fallt. 

(Fig. 17, Diagramm Pr. 48, 52, 57, 59) 
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Fig. 18. Korngréssenverteilung 
im Ton (Probe 64). 
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Fig. 19. Korngréssenverteilung Fig. 20. Korngréssenverteilung 
im Ton (Probe 69). in den Tonen (Probe 74, 75). 


Abschnitt E 369,79—409,84 m 


Probe 64 in Tiefe von 386,10 m besteht aus einem rotbraunen, harten, 
sandigen Ton mit Kalkkonkretionen. Der sandige Anteil 
beginnt mit geringen Spuren in der Korngrésse 1,02—0,49 
mm und hat seinen Kulminationspunkt zwischen 0,25—0,12 
mm. Nach einem Abfall steigt die Kurve bei < 0,06 mm 
wieder an. Dieser Anteil ergibt aufgeteilt eine gleichmassige 
Kurve, die von der Korngrésse 62—31 mu auf 4—2 w fallt. 


(Fig. 18, Diagramm Pr. 64) 


Abschnitt F 409,84—446,10 m 


Probe 69 in Tiefe von 412,95 m besteht aus einem rotbraunen, griin- 
fleckigen, groben Ton mit kalkspatgefiillten Spalten. In den 
Ton sind unregelmassig gréssere Quarze eingestreut. Der 
sandige Anteil beginnt in der Kornverteilungskurve mit 
geringen Spuren zwischen 2,0—1,02 mm. Der Anteil unter 
0,06 mm ergibt aufgeteilt eine gleichmissige Kurve, die von 
der Korngrésse 62—31 uw auf 4—2 w fallt. 


(Fig. 19, Diagramm Pr. 69) 
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7 007 2,001mm or Q07 0,001 mm 
Fig. 21. Korngréssenverteilung Fig. 22. Korngréssenverteilung 
im Ton (Probe 84). im Ton (Probe 86). 


Abschnitt G 446,10—474,70 m 


Probe 74 in Tiefe von 446,96 m besteht aus einem rotbraunen, stark 
sandigen Ton und entstammt der Ubergangszone zum to- 
nigen Sandstein. Der sandige Anteil beginnt mit geringen 
Spuren in der Korngrésse 0,49—0,25 mm. Seine Kurve steigt 
gleichmassig an bis zur Korngrésse < 0,06 mm. Dieser 
Anteil ergibt aufgeteilt eine fallende Kurve von der Korn- 
groésse 62—31 mw bis 4—2 uw. 

Probe 75 in Tiefe von 451,30 m besteht aus einem rotbraunen, weichen, 
groben Ton mit Kalkkonkretionen. Der sandige Anteil be- 
ginnt mit geringen Spuren in der Korngrésse 0,49—0,25 mm 
und ist zwischen 0,25—0,12 mm und 0,12—0,06 mm gleich 
gross. Der Anteil unter 0,06 mm ergibt aufgeteilt eine Kurve, 
die von der Korngrésse 62—31 y gleichmassig auf 4—2 wy fallt. 

(Fig. 20, Diagramm Pr. 74, 75) 


Abschnitt I 489,55—516,08 m 


Probe 84 in Tiefe von 492,50 m besteht aus einem rotbraunen, groben 
Ton. Der sandige Anteil beginnt mit geringen Spuren in der 
Korngrésse 1,02—0,49 mm. Seine Kurve steigt gleichmassig 
auf die Korngrésse < 0,06 mm. Dieser Anteil ergibt auf- 
geteilt eine gleichmassig fallende Kurve zwischen den Korn- 
grossen 62—31 mw und 4—2 w. 

(Fig. 21, Diagramm Pr. 84) 


Abschnitt K 516,08—517,81 m 


Probe 86 in Tiefe von 517,60 m besteht aus einem rotbraunen, harten, 
groben Ton mit Kalkkonkretionen. Der sandige Anteil be- 
ginnt mit geringen Spuren in der Korngrésse zwischen 1,02 
—0,49 mm. Seine Kurve steigt steil auf die Korngrosse 
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< 0,06 mm. Der Anteil unter 0,06 mm ergibt aufgeteilt eine 
gleichmassig fallende Kurve zwischen den Korngréssen 62 
—31 wu und 4—2 uw. 

(Fig. 22, Diagramm Pr. 86) 


Schichtserien 


Im Diagramm Fig. 23 sind die Korngréssen aller untersuchten 
Proben dargestellt. Das linksseitige Profil enthalt die Lage der grob- 
klastischen Horizonte, soweit sie Basalsedimente der Schichtserien sind 
und ihre Korngrésse 0,5 mm iibersteigt. In ihnen beginnen jeweils die 
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Kurvenmaxima der gréberen Korngréssen. Mit kleiner werdender Korn- 
grosse riicken die Maxima in hoher liegende Horizonte auf, sodass das 
Diagramm ein schrages Verschieben der Maxima zwischen je zwei 
Basalsedimenten aufzeigt. Die Korngréssen > 20,0 mm und 20,0—6,0 
mm sind wegen ihres sporadischen Auftretens unzuverlissig, passen 
aber in einzelnen granulometrisch untersuchten Horizonten durchaus 
in das sich entwickelnde System der Korngréssenverschiebung hinein. 
Der mittelkérnige Sand (0,49—0,12 mm) nimmt in dem untersuchten 
Profil eine Grenzstellung ein. Er ist in den grdéberen Sedimenten 
noch und in den feineren schon vorhanden, sodass die Kurve 
der Korngrésse 0,25—0,12 mm nicht mehr auf die Null-Linie absinkt. 


32--563060. G.F.F. 1956. 
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Die Kurven der feinklastischen Sedimente verlaufen in der unteren 
Korngrésse von Feinmo (31—16 ) und im Schluff (8—2 ) verhaltnis- 
miissig gleichférmig. Bei der ersten Gruppe bewegen sie sich zwischen 
20 % und 30 %, bei der letzten zwischen 5 % und 15 %. Hine Ver- 
anderung der Kurve < 2 y erfolgt hauptsichlich auf Kosten der Korn- 
grosse zwischen 62—31 mu, was in den Abschnitten I, G, D, C und A 
besonders deutlich hervortritt. Die Sonderstellung der feinklastischen 
Sedimente im Abschnitt A, die spiter behandelt wird, markiert sich 
durch ein zunachst starkes, dann abgeschwachtes Fallen der Kurven 
iiber 8 mw und ein zunachst schwaches, dann starkes Ansteigen der 
Kurven unter 8 w. In diesem Abschnitt sind Feintone enthalten, 
die in den Abschnitten B—K zum grossen Teil durch Deflation und 
Erosion beseitigt worden sind. 

Das Diagramm zeigt also einen sich in jeder Schichtserie wieder- 
holenden Wechsel der Korngréssen, der nur dort einen anderen Verlauf 
nimmt, wo die Horizonte durch Abtragung in den feinklastischen Sedi- 
menten und durch Gesteinszerfall in den grobklastischen Sedimenten 
verandert worden sind. Der normal verlaufende Wechsel legt darin, 
dass sich die Korngrésse im Basalsediment beginnend nach oben ver- 
mindert und dadurch ein allmahlicher Ubergang von Konglomeraten 
zu kiesigen, grob-, mittel-, feimkérnigen und tonigen Sandsteinen sowie 
zu sandigen Tonen und Feintonen erfolgt. Dieser Wechsel wiederholt 
sich in allen Schichtserien in gleicher Weise. 

Eine gute Sortierung des Materials ist nirgends erfolgt. Der fein- 
klastische Anteil im Basalsediment der Schichtserien betragt im Durch- 
schnitt 11 %, kann aber auf 3 °% absinken. Im oberen Teil der Schicht- 
serien betragt er durchschnittlich 66 °%. Umgekehrt ist das Verhaltnis 
des grobklastischen Materials, dessen Anteil von unten nach oben ab- 
nehmend in den oberen Horizonten mit einem Durchschnitt von 13 % 
an mittelkérnigem Sand erscheint. 

Aus diesem Grunde ist es wertlos, Untersuchungen iiber Differenzen 
zwischen den Ablagerungen verschiedener Schichtserien anzustellen. 
Sie kénnen nur an klar erkennbaren Horizonten ausgefiihrt werden, 
deren Ermittlung jedoch in Schichtserien mit standig wechselnder Korn- 
grosse unméglich ist. 

Die Anzahl der Schichtserien ist der folgenden Tabelle zu entnehmen. 
Um zugleich einen Uberblick iiber ihre Haufigkeit und Machtigkeit 
zu geben, wurden sie auf je 25 m zusammengefasst, wobei als Grenz- 
horizont jeweils dasjenige Basalsediment einer Serie gezéhlt wurde, das 
der Grenze eines 25 m betragenden Abschnittes am nichsten lag. Um 
die Ubersichtlichkeit zu erhéhen, ist neben der Angabe der Anzahl der 
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Schichtserien deren prozentualer Anteil aufgefiihrt. Er wurde berechnet 
aus der Machtigkeit der Abschnitte A—I. Ausserdem enthalt die Ta- 
belle die durchschnittliche Machtigkeit der Schichtserien und ihre 
Grésse in Prozenten. 


Siuebuitt. ‘Tiefe von —= his Schichtserien durchschnittl. Miachtigkeit 

Anzahl ve inm oN 
A 246,76—276,40 m 3 10 9,9 33 
B/C 276,40—296,46 6 30 oS 16 
C 296,46—323,70 6 22 4,5 16 
D 323,70—350,41 15 56 1,8 tf 
D/E 350,41—375,70 13 51 1,9 5 
E 375,70—398,77 9 35 2,5 11 
K/F 398,77—423,82 10 40 2,5 10 
F/G 423,82—449,90 11 42 2,4 9 
G 449,90—474,70 9 36 2,7 11 
H/I 474,70—501,01 8 30 258 13 
I 501,01—516,08 4 27 3,7 25 


Die vorstehende Tabelle und das Diagramm Fig. 24 a, b zeigen den 
Verlauf der Materialzufuhr, die sich durch die Anzahl der Schichtserien 
und die durchschnittliche Machtigkeit des abgelagerten Materials kenn- 
zeichnet. 

In den Abschnitten I—E zeichnet sich die Zufuhr durch eine wellen- 
formige Kurve aus, die zwischen 425,0—450,0 m kulminiert. Die 
durchschnittliche Machtigkeit ist ausser im Abschnitt I nur geringen 
Schwankungen unterworfen. Die Anzahl der Zufuhren steigt in den 
Abschnitten D und E (325,0—375,0 m) stark an, wobei sich die Mach- 
tigkeit jeder Zufuhr entsprechend verkleinert. Die Abschnitte B und 
C (275,0—325,0 m) haben nur wenige Zufuhren und enthalten daher 
besonders im oberen Teil viel Material. Die geringste Anzahl der Zu- 
fuhren zeigt Abschnitt A (oberhalb von 275,0 m) mit einer ausser- 
ordentlich hohen durchschnittlichen Machtigkeit der Schichtserien. 


Sedimentationsrhythmen 


Die im vorigen Abschnitt gewonnene Erkenntnis fiihrt zu einer 
Unterteilung der Schichtserien, die jeweils mit einem grobklastischen 
Sediment beginnen und mit einem feinklastischen enden. Das Ideal- 
profil einer solchen Schichtserie hat folgende Zusammensetzung: 


1 Feinton 

2 Grobton 

3 Feinsand (tonig) 

4 mittelkérniger Sand 
5 grobkérniger Sand 
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Fig. 24. a) Anzahl der Schichtserien in % 
b) Durchschnittliche Machtigkeit der Schichtserien in % 
c) Fehlende Tonhorizonte in %. 


6 kiesiger Sand oder Arkose (vorwiegend grobkérnig) 
7 Konglomerat oder Arkose (vorwiegend grobkérnig) 
8 Arkose (vorwiegend grobkérnig) 


Dieses Idealprofil kann variieren. Das Sediment kann sich aus 
genden Schichten zusammensetzen: 


fol- 
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Bei vorhandenem bei fehlendem bei fehlendem _bei fehlendem 
Feinton Feinton Grob- und Feinton Feinsand, Grob- und 
ees eye sPeraiees nae Feinton 
° 2 +9+ +4+5+6+7+8 4+5+6+7+8 
1+4+5 2+3+4+5 3+4+54+7 44546" + 
2+3+4 3+4+5 44+54+7+8 
2+3+44547 3+4+46+7 44547 
2+3+4446 3+4+7+8 4+5 
24+3+447 3+4+7 4+6+7+8 
2+3+5+64+7+8 344+6 4+7+8 
2+3464+7+8 3+4 447 
24347 3+5+6 
24+3 34+5 
2+4+5 3+6+7+8 
2+4+6 3+6 
2+5+7 3+7 
2+6 
2+7 


Die nach dieser Zusammenstellung fehlenden Horizonte, soweit sie 
nicht den drei oberen Lagen der Schichtserien angehéren, wiirden sich 
bei einer erneuten Priifung des Profils vermindern, weil viele der 
fehlenden Horizonte so gering machtig sind, dass sie aus diesem Grunde 
bei der Profilaufnahme nicht erfasst wurden. 

Die Machtigkeit der Schichtserien ist auf Grund ihrer Entstehungs- 
bedingungen variabel und wechselt zwischen 0,18 m—10,0 m in den 
Abschnitten B bis K. Das Fehlen der oberen Horizonte bei verschie- 
denen Schichtserien kann auf Abtragung, das Fehlen der unteren auf 
Zerfall oder auf den Starkegrad der Zufuhr zuriickgefiihrt werden. 

Nach diesen Gesichtspunkten liess sich die erbohrte Strecke in 
61 Zyklen unterteilen, zu denen noch 33 wahrscheinliche Zyklen hin- 
zukommen, deren Schichtserien durch Abtragung gestért worden sind. 

‘Die nachfolgende Liste enthalt diese Einteilung. Aus Platzersparnis- 
griinden wurden die Sedimente des Profils nicht untereinander, sondern 
nebeneinander aufgefiihrt. 


Abschnitt Zyklus Tiefe von — bis m 
A 1 246,76—254,50 m 7,74 Ton — mittelkérniger Sandstein — grob- 
korniger Sandstein 
2 254,50—257,40 2,90 Ton — mittelkérnige Arkose 
3 257,40—276,40 19,00 Feinton — Grobton — feinkérniger Sand- 
stein — mittelkérniger Sandstein — grob- 
kérnige Arkose — Konglomerat — grob- 
kérnige Arkose 
B 4 276,40—280,83 4,43 grober Ton — feinkérniger Sandstein — 
mittelkérniger Sandstein — mittel- bis 
grobkérnige Arkose 
5 a 280,83—282,87 2,05 (Ton fehlt) — feinkérniger Sandstein — 
mittelkérniger Sandstein 
5 b  282,87—286,80 3,93 sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein: 
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Abschnitt Zyklus Tiefe von — bis m 


6 286,80—293,80 m 7,00 sandiger Ton — mittel- bis grobkdrniger 
; Sandstein — mittel- bis grobkérnige Ar- 
kose 
7 293,80—294,10 0,30 Ton — Konglomerat 
C 8 294,10—296,46 2,36 sandiger Ton — mittelkérniger Sandstein 


— grobkérniger Sandstein 

9 296,46—306,48 10,02 sandiger Ton — mittelkérniger Sandstein 

— grobkérniger Sandstein — mittel- bis 

grobkérnige Arkose 

(Ton fehlt) — mittelkérniger Sandstein — 

mittel- bis grobkérnige Arkose — Kon- 

glomerat — mittelkérnige Arkose (mit 
mittelk. Sandstein) 

11 310,75—315,18 4,43 sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein — grobk6r- 
niger Sandstein — mittelkérnige Arkose 

12 315,18—319,60 4,42 sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein 

13 a 319,60—322,52 2,92 (Ton fehlt) — feinkérniger Sandstein — 

: mittelkérniger Sandstein 

13 b 322,52—323,70 1,18 (Ton fehlt) — feinkérniger Sandstein — 
mittelkérniger Sandstein — mittelkérnige 
Arkose — Konglomerat 


10 306,48—310,75 4,2 


a 


D 14 323,70—327,16 4,44 sandiger Ton — toniger, feinkérniger 
Sandstein — mittelk6rniger — bis grob- 
kérniger Sandstein — grobkérnige Arkose 

15 a 327,16—327,34 0,18 (Ton fehlt) — feinkérniger Sandstein — 
mittelkérniger Sandstein 


15 b 327,34—331,90 4,56 (Ton fehlt) — feinkérniger Sandstein — 


mittelkérniger Sandstein — grobkérnige 
Arkose — Konglomerat — grobkérnige 
Arkose 

16 a 331,90—332,76 0,86 (Ton fehlt) — toniger, feinkérniger Sand- 
stein 


16 b 332,76—336,29 8,53 sandiger Ton — mittelkérniger Sandstein 
— grobkérnige Arkose 

17 a 3836,29—336,68 0,39 (Ton fehlt) — feinkérniger Sandstein — 
mittelkérniger Sandstein 

17 b 336,68 —339,17 3,49 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelk6rniger Sandstein — grob- 
kérniger Sandstein — mittelkérnige Ar- 
kose 

18 339,17—339,76 0,59 (Ton fehlt) — feinkérniger Sandstein — 
grobkérnige Arkose 

19 a 339,76—340,46 0,70 (Ton fehlt) — feinkérniger Sandstein — 
mittelk6rniger Sandstein — grobkérnige 
Arkose (konglomeratisch) 

19 b ~ 340,46—343,25 2,79 (Ton fehlt) — mittelkérniger Sandstein 

— grobkérnige Arkose — Konglomerat 

— grobkérnige Arkose 

(Ton fehlt) — feinkérniger Sandstein — 

mittelk6rniger Sandstein — Konglomerat 

— grobkérnige Arkose 

20 b 344,17—344,53 0,36 (Ton fehlt) — mittelkérniger Sandstein 


20 a 343,25—344,17 0,9 


bo 


i ined 
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Abschnitt Zyklus 


32 b 


33 b 
34 a 


34 b 


Tiefe von — bis 


344,53—346,73 m 


346,73—347, 84 


347,84—350, ‘1 


350,41—350,56 
350,56—351,32 
351,32—353,81 
353,81—354,33 


354,33—357,64 


357,64—358,03 
358,03—360,67 
360,67—363,06 
363,06—365,59 
365,59—367,30 


367,30—369,79 


369,79—373,61 


373,61—375,70 
375,70—378,63 


378,63—381,66 


381,66—384,37 
384,37—384,97 
384,97—387,59 


387,59 —389,66 
389,66—395,01 


395,01—396,08 
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0d 
0,60 
1,42 
2,07 


5,35 


1,07 
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sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein 

sandiger Ton — feinkérniger Sandstein — 
grobkorniger Sandstein — grobkérnige 
Arkose — Konglomerat — grobkérnige 
Arkose 


5 (Ton fehlt) — toniger, feinkérniger Sand- 


stein 

sandiger Ton — feinkérniger Sandstein 
— mittelk6rniger Sandstein 

sandiger Ton — toniger, fein- bis mit- 
telk6rniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein 

sandiger Ton — feinkérniger Sandstein 
— grobkoérnige Arkose — Konglomerat 
— grobkérnige Arkose 

(Ton fehlt) — toniger, feinkéniger Sand- 
stein — mittelkérniger Sandstein 
sandiger Ton — mittel- bis grobkérniger 
Sandstein — grobkérnige Arkose 

(Ton fehlt) — mittel- bis grobkérniger 
Sandstein — grobkérnige Arkose — 
Konglomerat — grobkérnige Arkose 
(Ton fehlt) — mittelkérniger Sandstein 
— grobkorniger Sandstein — Konglo- 
merat 


sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein — Konglo- 
merat 


(Ton fehlt) — mittelkérniger Sandstein 
— Konglomerat—grob- bis mittelkérnige 
Arkose 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein 

Ton — feinkérniger Sandstein — mittel- 
kérniger Sandstein — grobkérniger Sand- 
stein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — 
Konglomerat 

(Ton fehlt) — mittelkérniger Sandstein 
(Ton fehlt) — mittelkérniger Sandstein 
sandiger Ton — toniger, feinkérniger 
Sandstein 

sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — 
grobkérnige Arkose — Konglomerat 
(Ton fehlt) — mittelkérniger Sandstein 
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Abschnitt Zyklus Tiefe von — bis 
396,08—398,77 m 


35 


36 a 
36 b 


36 c 


F 37 
38 a 


38 b 


39 a 
39 b 


40 a 
40 b 


41 


42 


43 a 
43 b 


43 ¢ 


44a 


44 b 


46 a 
46 b 
46 ¢ 
47 a 
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398,77—406,91 
406,91—409,61 
409,61—409,84 


409,84—411,34 
411,34—-412,36 


412,36—416,53 


416,53—418,43 


418,43—420,33 


420,33—421,26 


421,26—423,82 


423,82—428,85 


428,85—429,75 


429,75—435,32 
435,32—437,20 


437,20—442,59 


442,59—445,02 


445,02—446,10 
446,10—447,94 
447,94—448,75 
448,75—449,44 
449, 44—449, 90 
449,90—454,60 


m 
2,68 


8,14 


_ 


0,8 
0,69 
0,46 


5,70 


[Maj—Okt. 1956 


(Ton fehlt) — toniger, feinkérniger Sand- 
stein — grobkérnige Arkose — Konglo- 
merat — grobkérnige Arkose 

(Ton fehlt) — feinkérniger Sandstein — 
mittelkérniger Sandstein — Konglomerat 
(Ton fehlt) — mittelkérniger Sandstein 
— grobkérniger Sandstein 

(Ton fehlt) — mittelkérniger Sandstein 
— grobkérniger Sandstein 


sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein 

(Ton fehlt) —-toniger, feinkérniger Sand- 
stein 

sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein — _ grob- 
kérniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein 

sandiger Ton — toniger, feinkérniger 
Sandstein — mittelkérniger Sandstein — 
grobkérniger Sandstein 


sandiger Ton — feinkérniger Sandstein 
— mittelkérniger Sandstein 
sandiger Ton — feinkérniger Sandstein 


— mittelkérniger Sandstein — grobkor- 
niger Sandstein 

sandiger Ton — toniger, feinkérniger 
Sandstein — mittelko6rniger Sandstein — 
grobkérniger Sandstein — Konglomerat 
sandiger Ton — mittelkérniger Sandstein 
— grobkérniger Sandstein — Konglo- 
merat 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein 

(Ton fehlt) — feinkérniger Sandstein — 
Konglomerat 

(Ton fehlt) — mittelkérniger Sandstein 
— grobkorniger Sandstein — Konglo- 
merat 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — 
Konglomerat 

(Ton fehlt) — mittel- bis grobkérniger 
Sandstein 

Ton — toniger, feinkérniger Sandstein — 
mittelkérniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein — grobkérniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein 

(Ton fehlt) — toniger, feinkérniger Sand- 
stein 

sandiger Ton — toniger, feinkérniger 
Sandstein — mittelkérniger Sandstein 


a ey Bes Eo 


Abschnitt Zyklus Tiefe von — bis 
454,60—460,50 m 


47 b 


48 


49 a 


49 b 


50 


bls 


51 b 


bl e 


59 b 


60 


61 


460,50—462,29 


462,29—463,69 


463,69—464,61 


464,61—466,61 


466,61—468,72 


468,72—472,11 


472,11—474,70 


474,70—476,96 


476,96—479,29 
479,29—483, 22 
483,22—484,01 


484,01—489,55 


489,55—492,11 


492,11—498,45 
498,45—501,01 
501,01—505,43 


505,43—509,02 


509,02—511,67 


511,67—516,08 


516,08—517,36 
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m 


5,90 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — grob- 
kérniger Sandstein — Konglomerat 

1,79 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — grob- 
kérniger Sandstein 

1,40 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — 
Konglomerat 

0,92 (Ton fehlt) — mittelkérniger Sandstein — 
grobk6rniger Sandstein — Konglomerat 
— mittelkérniger Sandstein 

2,00 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — grobkérniger Sandstein 

2,09 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelk6rniger Sandstein — 
Konglomerat 

3,39 (Ton fehlt) — mittelkérniger Sandstein 
— grobkérniger Sandstein — Konglo- 
merat 

2,59 (Ton fehlt) — mittelkérniger Sandstein 
— grobkérniger Sandstein 

2,26 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelk6rniger Sandstein — grob- 
kérniger Sandstein 

2,38 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein 

3,93 sandiger Ton — toniger, feinkérniger 
Sandstein — Konglomerat 

0,79 (Ton fehlt) — mittelkérniger Sandstein 
— grobkérniger Sandstein — Konglo- 
merat 

5,54 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — grob- 
kérniger Sandstein — Konglomerat 

2,56 sandiger Ton — toniger, feinkdrniger 
Sandstein — mittelkérniger Sandstein — 
grobk6érniger Sandstein 

6,34 sandiger Ton — toniger, feinkérniger 
Sandstein — mittelkérniger Sandstein 

2,56 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein 

4,42 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — 
Konglomerat 

3,59 (Ton fehlt) — mittelkérniger Sandstein — 
grobkérniger Sandstein — Konglomerat 
— grobkérniger Sandstein 

2,65 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — grob- 
kérniger Sandstein — Konglomerat 

4,41 (Ton fehlt) — toniger, feinkérniger Sand- 
stein — mittelkérniger Sandstein — grob- 
kérniger Sandstein — Konglomerat 

1,28 sandiger Ton — toniger, feinkérniger 
Sandstein 
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Die Machtigkeit dieser Schichtserien ist im Diagramm Fig. 25 dar- 
gestellt. In den Abschnitten I—F wechseln starke und schwache 
Rhythmen verhiltnismassig gleichformig. Im mittleren Teil von Ab- 
schnitt E ist eine besonders starke Zufuhr erkennbar. Der Abschnitt D 
weist schwache und mittlere Zufuhren auf, die sich nach oben ver- 
grossern. Die Vermehrung des Materials wird in den Abschnitten C 
und B fortgesetzt und erreicht ihren Héhepunkt im Abschnitt A. 
Sie kann mit klimatischen Faktoren erklirt werden. Die Zunahme der 
Zyklenmachtigkeit leitet itiber zu einer anderen Sedimentationser- 
scheinung, die nicht mehr den vorhergehenden entspricht. Ihre Er- 
klaérung wird am Schluss dieser Arbeit versucht. 

Die fehlenden Tonhorizonte sind im Diagramm durch Kreise ge- 
kennzeichnet. Die Miachtigkeit der Schichtserien wird an solchen 
Punkten also grésser gewesen sein. 

Gleitflichen sind enthalten im Ton der Zyklen 1, 3, 4, 6, 8 (im letz- 
teren gemiessen mit 15°, 26°, 34°, 41°, 44°), 11 (71°), 12 (55°), 16 b, 
22 b (im letzteren gemessen mit 45°, 55°), 25 b (18°, 23°, 30°), 33 a 
(24°), 39 b (24°, 26°), 47 a, 62. Gleitflachen im Sandstein treten auf 
in den Zyklen 1 (34°), 13 a (22°), 34 a (48°), 35 (38°, 54°), 36 a (62° 
—66°). Geringe Schichtungen wurden festgestellt im Sandstein der 
Zyklen 35, 47 a, 49 a, 51 a. Fallwinkel wurden ermittelt in den Zyklen 
5 b (16°), 11 (17°), 13 a (10°, 11°), 14 (8°, 9°), 16 b (7°, 8°), 17 b (7°, 8°) 
25 b (7°), 27 a (6°, 7°), 29 (8°, 9°), 36 a (7°), 47 a (8°, 9°), 54 a (6°, 9°). 
Kalkspatgefiillte Spalten sind vorhanden in den Zyklen 1, 2, 3, 12, 21, 
34 a, 35, 36 a, 38 b, 47 b und 62. 


Erklirungsyersuch 


Das Material der Kagerédsedimente im nordwestlichen Schonen ent- 
stammt einer Insolation unter aridem oder extrem aridem Klima. Dies 
wird bewiesen: 


1) Durch die bunten Farben der Sedimente, die vielen Ablagerungen 
unter aridem Klima eigentiimlich sind. 

- 2) Durch plattige Gesteinsabblatterungen mit einer dunklen glin- 
zenden und einer hellen Gesteinsflache (yHartrinde», Walther, 8. 
140; Blanck u. Passarge, 8. 12). 

3) Durch blatternarbige Vertiefungen auf der Oberflache von Ge- 
steinsstiicken (Walther, S. 140). : 

4) Durch Rindenbildung, die die Oberflache von Gesteinsstiicken mit 

: 


einer rotbraunen Schicht iiberzieht (Blanck u. Passarge, S. 10, 
Linck). . 
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5) Durch die Zerstérung der Diabase. Die jiingeren Diabase Schonens 
sind zwar weich (Hadding II, S. 98), unterliegen allgemein aber 
auch wegen ihrer dunklen Farbe in starkem Masse der Insolation 
(Knetsch u. Refai, S. 248). 


Herkunftsgebiet der Kagerédsedimente sind hdhere Urgesteins- 
partien, die eine in Richtung NW—SO Schonen durchziehende Ver- 
werfungszone nordéstlich begrenzen. Sie bestehen aus Gneis mit jetzt 
randlich gelegenem Kambrosilur, beide durchzogen von jiingeren 
Ganggesteinen von relativ geringer Machtigkeit (Hadding III, 8. 207). 

Der fluviatile Transport des Materials ist schon friiher angenommen 
worden (Hadding III, 8S. 207). Er wurde verursacht durch episodische, 
starke Niederschlige. Die Entfernung von Klappe bis zum Rand- 
gebirge betragt nach Norden 11 km, nach Osten 13 km. Die grisste 
Entfernung zwischen Oresund und Séderasen betrigt 35 km. Das in 
der Bohrung Héllviken vorgefundene Kagerédsediment gehért nicht 
zu diesem Randgebiet, in dem im nordwestlichen Schonen die Ablage- 
‘rungen erfolgten, und muss daher wahrscheinlich unter anderen Gesichts- 
punkten betrachtet werden (Brotzen, 8. 6). Bemerkenswert ist, dass 
im Gebiet von Nordwestschonen Verschiedenheiten im Material je nach 
der Entfernung vom Gebirge festgestellt worden sind. In der Nahe des 
Oresund sind die feinklastischen Anteile stairker vertreten, in der 
Nahe der Randgebirge die grobklastischen (Troedsson 1934, 8. 7). 
Ausser der Ablagerung siidwestlich des Verwerfungsabfalles erfolgten 
kleine Beckenausfiillungen innerhalb des Urgestein-Massivs (z. B. Hor- 
by, Ho6r, Faringtofta u. a.). 

Ein Transport des Materials ohne vollige Zerstorung der Gesteinsstiicke 
ist auf dieser Entfernung durchaus méglich. Nach Behrend u. Berg (S. 
402) kénnen theoretisch folgende Wege von Gesteinsstiicken bis zur 
volligen Zerstérung zuriickgelegt werden: 


Granit : Stiicke von durchschnittlich 36 gr 278 km 
Orthocerenkalk = % » » 61 » 64 » 
rhatischer Sandstein!: » » » 40 -y- 16» 
Tonschiefer : » » » 244 42 » 


Da der Erhaltungszustand jedoch nicht nur von der Lange des 
‘Transportweges, sondern daneben von anderen Faktoren abhangt 
(Verwitterungszustand, Transportmittel, Unterlage, Grosse, Menge und 
Harte des mitgefiihrten Materials, Geschwindigkeit des Transportes), 
kann die Tabelle nur grob anzeigen, dass die angefiihrten Entfernungen 


1 Der rhiatische Sandstein ist der Vergleichsméglichkeit wegen aufgefihrt. 
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als fluviatiler Transportweg vom randlichen Gebirge bis zum Sedimenta- 
tionsgebiet mdglich sind. Die palaozoischen Sedimente sind mit Aus- 
nahme des kambrischen Sandsteins daher auch nur recht wenig er- 
halten (Hadding III, 8. 207). 

Unwahrscheinlich ist jedoch, dass die Kagerédsedimente Nordwest- 
schonens die fluviatile Ausfiillung eines Wiistenbeckens sind. Dies 
mogen folgende Uberlegungen beweisen: 


1) Salzhaltiges Wasser aus Kagerédschichten ist verschiedentlich 
in Nordwestschonen festgestellt worden, u. a. bei Halsingborg, 
Bjuv, Hogands, Hyllinge. Der Salzgehalt ist.gering und uneinheit- 
lich, die stairkste Sole zeigt Halsingborg. Neben der Méglichkeit 
einer spaiteren Verdinderung des Gehalts durch Auslaugung wird 
angenommen, dass keine geschlossene Salztonebene in einem grés- 
seren Becken vorgelegen hat, sondern dass die Ablagerung in 
kleinen abgeschlossenen Gebieten vor sich ging und durch zu- 
stromendes Wasser episodischer Niederschlige gestdért und viel- 
fach verfrachtet wurde. 


bo 
~— 


Wiistenflachlander enthalten meistens Diinen. Den Sanden der 
Bohrung Klappe fehlen jedoch Windsortierung, Abrollung und 
Tongallen. Eine Untersuchung der Sande, deren Fall- bezw. 
Gleitwinkel mit denen rezenter Diinen iibereinstimmen (luvseitig 
5°—12°, leeseitig 30°—33°, Passarge, S. 671), fiihrte ebenfalls zu 
keiner Bestatigung von Diinensanden. 

3) Die Machtigkeit verschiedener Zyklen ist zu gross, als dass sie 
die flaichenhafte Ausfiillung eines Wiistenbeckens sein kénnten. 


Die ausgezihlten 94 wahrscheinlichen Zyklen haben folgende Miach- 
tigkeit (Diagramm Fig. 25): 


in Abschnitt grésste geringste durchschnittliche Machtigkeit 


A 19;0-m 2,9 2m 9,8 m 
B 7,0 0,3 3,5 
6; 10,0 1,2 4,2 
D 4,6 0,2 1,8 
E 8,1 0,2 2.8 
F 5,6 0,9 2,5 
G 5,9 0,8 PAB} 
H 5,5 0,8 3,0 
I 6,3 2,6 3,8 


Wenn auch die Auszihlung wegen nicht immer einwandfrei fest- 
zustellender Grenzen in verschiedenen Fallen unsicher ist, lassen doch 
einzelne Schichtserien ihre Ablagerung in einem grésseren Becken als 
unméglich erscheinen. Solche Machtigkeiten kénnen nur durch die Lage 
in einem Randgebiet erklirt werden, in dem sie nicht in einer Ebene 
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Fig. 25. Machtigkeit der Schichtserien. 


sondern in Talern abgelagert wurden. Dann ist die Sedimentation nicht 
in einem Wiistenbecken sondern in einem Wiistengebirgsland mit einer 
Anzahl lokaler Erosionsbasen in abgeschlossenen Kesseln erfolgt. Die 
Sedimente von Klappe sind danach als Ausfiillung einer kleinen Ero- 
sionsbasis anzusehen. 
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Ob und wo die Gebirgswiiste in eine Sand- oder Kieswiiste tberge- 
gangen ist, wird auf Grund der bisher durchgefiihrten Bohrungen kaum 
zu erkennen sein. Ob die Sole von Halsingborg ausreicht, das Vorhanden- 
sein eines grossen Einzugsgebietes zu erklaren, erscheint zweifelhaft. 
Es sind ausserdem keine sonstigen Anzeichen vorhanden, die darauf 
schliessen lassen, dass die Sedimente von Halsingborg in einem grosseren 
Becken entstanden sein kénnten. 

Die Voraussetzung einer Felswiiste, liegend in einer ruhenden oder 
noch oder schon wieder in Bewegung befindlichen, gegen SW abfallenden 
Verwerfungszone (spit-variscisch oder alt-kimmerisch) und begrenzt 
von randlichem Urgesteingebirge, kénnte die Ablagerungen von Klappe 
und auch der iibrigen Kagerédsedimente von Nordwestschonen als flu- 
viatile Sedimente eines Randgebietes méglich erscheinen lassen. 

Episodische, zentripetale Entwasserungssysteme transportierten in 
Rinnen und Trockentalern Schutt und Schlamm. Verstirkte Ablagerung 
erfolgte durch flachenhafte Erosion der Abhange (»Sheetflood», Mac Gee, 
8. 87). Der kurze Transportweg liess eine grobe Sortierung, aber nur 
geringe Abrollung zu. In sich wiederholenden Rhythmen fillten sich 
Teile der Kessel und der dahin fiihrenden Taler. Salze sind wegen des 
geringen Hinzugsgebietes der Erosionsbasen nur in geringen Aus- 
bliihungen vorhanden. 

Die Verfrachtung von Sedimenten abgeschlossener Becken in tiefer 
liegende Gebiete ist durch das mit grosser Gewalt einstromende Wasser 
moglich. Das Wasser fillt die ausgetrockneten Becken und kann bei 
geniigender Wasser- und Schlammzufuhr den Beckenrand zu tiefer 
liegenden Gebieten iiberfluten oder durchbrechen und damit einen Teil 
des Beckeninhaltes in ein tiefer liegendes Becken tiberfiihren. Dieser 
Vorgang wiirde die nur teilweise Ablagerung einer Schichtserie oder 
auch die teilweise Erosion von Material alterer Schlammzufuhren zur 
Folge haben. Die Erosion kénnte sich bis auf das Steinpflaster erstrecken, 
sodass bei Steinpflastern von grosser Machtigkeit ein Doppelrhythmus 
mit Verlagerung der Erosionsbasis méglich erscheint. Die Verlagerung 
von Erosionsbasen macht es méglich, aus mehreren geringen Salzvor- 
kommen kleiner abgebauter Becken ein grésseres Vorkommen an anderer 
Stelle aufzubauen. Es liegt der Gedanke nahe, sich die Halsingborger 
Sole auf diese Art entstanden zu denken. 

Der Grad der Sortierung der Sedimente von Klappe ist in den oberen 
Zyklen besser als in den unteren. Dies lasst sich mit einer besseren 
Strémung in den am Schluss der Formation mit Schutt angefiillten Ta- 
lern erkliren, wodurch vorher bestehende Hindernisse besser iiber- 
wunden wurden. 
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Die vom Wasser mitgefiihrten feinen Sedimente setzten sich in den 
Becken ab. Sie gelangten jedoch aus folgenden Griinden nicht zu einer 
voll durchgefiihrten Sortierung: 


a) Das Wasser erwirmte sich verhaltnismassig schnell, wodurch die 
Sortierung nicht so ausgepraégt wie in kaltem Wasser erfolgt. 
b) Das Wasser war salzhaltig, wodurch ein schnelles Ausflocken 

bewirkt wurde. 

c) Die Becken trockneten schnell aus. Da die Korngrésse unter 1 
bei einer Temperatur von 25° in salzfreiem Wasser in 11 3/4 
Tagen um 1 m sinkt, wurde den Tonen mit Ausnahme der Ab- 
lagerungen im Abschnitt A vermutlich vor der Absetzung das 
Wasser entzogen. 


Die feinklastischen Sedimente sind wahrscheinlich in keinem Fall 
mehr vollstaéndig vorhanden, weil ihre oberen Schichten nach Verdun- 
stung des Wassers durch die Warme zerrissen und sie entweder zwischen 
zwei Zyklen einer Deflation oder beim nachstfolgenden Wassereinbruch 
einer Erosion unterlagen. Die vollstindig fehlenden Tonhorizonte sind 
in der nachfolgenden Liste und im Diagramm, Fig. 24 ¢ zusammen- 
gestellt: 


: ; Anzahl der fehlende 
Abschnitt Tiefe von — bis Zyklen Tonhorizonte % 
A 246,76—276,40 m 3 — 0 
B/C 276,40—296,46 6 1 17 
C 296,46—323,70 6 3 50 
D 323,70—350,41 15 11 73 
D/E 350,41—375,70 13 8 61 
E 375,70—398,77 9 6 66 
E/F 398,77—423,82 10 5 50 
F/G 423,82—449,90 11 8 72 
G ~  449,90—474,70 9 8 88 
H/I 474,70—501,01 8 5 62 
i 501,01—516,08 4 4 100 


Tabelle und Diagramm zeigen zwischen 325,09 m und 516,1 m (vom 
oberen Teil des Abschnittes D bis I) sprunghafte Verdnderungen, die sich 
zwischen 50 und 100 % fehlender Horizonte bewegen. Sie erreichen 
ihre grosste Prozentzahl in den Abschnitten G und I. Zwischen 
325,0 m und 247,0 m (Abschnitt C, B, A) erfolgt eine gleichmassige 
Verminderung der fehlenden Horizonte. Die bei 325,0 m liegende 
Grenze zeigen auch Diagramm, Fig. 24 a, das die Anzahl der Schicht- 
serien enthalt, und Diagramm, Fig. 25, das die Machtigkeit der 
Schichtserien aufweist. Vermutlich liegt schon in diesem Teil des 
Abschnittes C der Anfang zu einer Klimadnderung vor, die sich im 
Abschnitt B fortsetzt und im Abschnitt A verstérkt zum Ausdruck 
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kommt. Es kann angenommen werden, dass in diesem letzten Abschnitt 
die Reste einer im Innern nahezu eingeebneten Felswiiste aufgearbeitet 


wurden. 
Die Profile im Abschnitt A enthalten: 


in Zyklus 1 2 


Feinton, Grobton ........-..- 5,3 m 2:6ume Gt 
toniger Sandstein .........--. _— — 
feinkérniger Sandstein........ — — 
mittelkérniger Sandstein...... log 0,3 
grobkérniger Sandstein ....... ae — 
Konglomerat .........-.--+-- — — 
einleitende Arkose ..........- — _- 


ww 


B 


Sosrres 
me ron fF Oo WO 


ee) 


Im Gegensatz zu den bisherigen Schichtserien dominiert der Ton 
mit 77 % gegeniiber den grobklastischen Sedimenten. Sein Anteil 
unter 2 w ist gross (34 %), wodurch er sich ebenfalls von den Tonen 
der iibrigen Schichtserien unterscheidet. Das Profil von Zyklus 3 zeigt 
einen normalen Schichtenaufbau (1+2+3+4+5+7-+8). Das Basal- 
konglomerat ist jedoch nur gering. 

Die machtige Tonschicht zeigt, dass das Wasser lange Zeit stagniert 
hat und in dieser Zeit nur Feinmaterial zugefiihrt wurde. 

Zu einer Austrocknung ist es vermutlich nicht mehr gekommen. Hs 
wird hier also schon annadhernd das humide Klima des Rhat vorge- 
legen haben. Die geringmachtigen Sande der Zyklen 2 und 1 kénnen 
abklingende Zufuhren oder zerfallene Felsreste sein. 

Dieser Abschnitt A wiirde damit einen anderen Sedimentationsvor- 
gang darstellen und von den unteren Sedimenten zu trennen sein (vgl. 
auch Troedsson 1942, S. 319). 

Nachdem 59 Tonhorizonte durch Wind und fliessendes Wasser voll- 
standig beseitigt worden waren, wurden die darunter befindlichen 
Schichten der tonigen Sande, bzw. Feinsande entweder zerstdrt (so 
bei den Zyklen 10, 19 b, 20 b, 27 b, 27 c, 28 b, 32 b, 32 c, 34 b, 36 b, 
36 c, 43 c, 44 b, 49 b, 51 b, 51 c, 54 b, 59 b), oder in anderen Zyklen ange- 
griffen. Diese Sande haben sich dem Relief der Felswiiste entsprechend 
nirgends als Diinen abgelagert, sondern sind, je nach Windstarke ver- 
teilt, in die verschiedenen Talsysteme verweht worden, sodass damit 
das Fehlen jeglicher Diinen in diesem Gebiet erklairt werden kann. 

Die Ablagerungen in einer Felswiiste mit kompliziertem Tal- und 
Rinnensystem und lokalen Erosionsbasen machen es unméglich, die 
Ergebnisse der Bohrung Klappe mit denen anderer Bohrungen in Nord- 
westschonen zu korrelieren. Die aufgezeigten Sedimentationsrhythmen 
sind rein lokaler Art. Die Konglomerate haben fiir eine Betrachtung in 
grosserem Zusammenhang nicht den Wert von Leithorizonten (Brot- 
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zen, 8. 27). Es ist nicht einmal wahrscheinlich, dass die Anzahl der 
episodischen Regenfalle im gesamten Gebiet der Gebirgswiiste gleich 
war und oft nicht einmal sicher, ob die Sedimente benachbarter Ero- 
sionsbasen gleichzeitig abgelagert worden sind. 

Diesen Vorgang bei aihnlichen rezenten Ereignissen schildert Walther 
(8. 160): »Wenn der Ssel durch das eine Trockental braust, dann muss 
das Nachbartal vielleicht zehn Jahre warten, ehe dort adhnliche Fluten 
hindurchstr6men, und wenn es in den héheren Regionen eines durch 
tektonische Stérungen oder die aushebende Tatigkeit des Windes zer- 
gliederten Berglandes regnet, dann bleiben vielleicht die damit ver- 
bundenen Nachbargebiete trocken.» 

Diese Worte erhellen die Sedimentationserscheinungen und -unter- 
schiede, die im Gebiet der Kagerddsedimente Nordwestschonens méglich 
sein konnen. Machtigkeit der Schichtserien, Sortierung, Abtragung durch 
Wind und fliessendes Wasser sind so sehr von Starke und Umfang der 
atmospharischen Vorginge, vom Talsystem, von Lage und Verander- 
lichkeit der Erosionsbasen abhangig, dass sich nur in seltenen Fallen 
Ubereinstimmungen zwischen den Ergebnissen verschiedener Bohrungen 
ergeben kénnen, obwohl ahnliche Sedimentationsrhythmen auch in an- 
deren Kagerédsedimenten Nordwestschonens vorkommen. 


Zusammenfassung 


Die aus Konglomeraten, bunten Arkosen, Sandsteinen und Tonen 
bestehenden Sedimente der Kagerédformation bedecken in Nordwest- 
schonen in wechselnder Machtigkeit auf dem Kambrosilur oder Ar- 
chaikum liegend ein Gebiet von ca 1 600 qkm. Granulometrische Unter- 
suchungen ergaben fluviatil auf kurzen Strecken transportiertes Material, 
dessen wenig sortierte Schichtserien jeweils in den unteren Lagen grob- 
klastisch, in den oberen feinklastisch sind. Beide sind durch Ubergange 
verbunden. Die Sedimente stimmen petrographisch mit einem angren- 
zenden archaischen und kambrosilurischen Randgebirge mit Gangge- 
steinen tiberein. Verschiedene Merkmale lassen auf Insolation unter 
aridem oder extrem aridem Klima schliessen. 

Die Sedimente der Bohrung von Klappe, die die Formation nicht 
vollstandig durchteuft, bestehen aus mindestens 94 Schichtserien. Sie 
werden erklart mit einem durch episodische, starke Regenfille ver- 
ursachten Transport von Insolationsschutt in einer Gebirgswiiste, die 
sich siidwestlich vom Randgebirge in einer Verwerfungszone befand. 

Die Sedimentation erfolgte in lokalen Erosionsbasen und deren Tal- 
systemen. Die Erosionsbasen enthielten tempordre Seen mit geringen 
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Salzausbliihungen. Durch Vereinigung verschiedener Basen kann sich 
der Salzgehalt steigern. Diinen sind der Felswiiste entsprechend nir- 
gends abgelagert worden. Die oberen machtigen Schichtserien mit tiber- 
wiegend tonigem Anteil bilden den Ubergang zu den im humiden Klima 
erfolgten Ablagerungen des Rhat. 

Dem Relief des Wiistengebirgslandes entsprechend ist eine Korre- 
lation von Horizonten zwischen verschiedenen Bohrungen in diesem 
Gebiet Nordwestschonens nicht méglich, weil die Machtigkeit der Schicht- 
serien, die Sortierung des Materials und die auf die oberen Horizonte 
der Schichtserien einwirkende Deflation und Erosion von atmosphari- 
schen Faktoren, vom Talsystem und von der Lage, Grosse und Veran- 
derlichkeit der Erosionsbasen abhéngen. 
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Differential Thermal Amalysis and its 
use in Soil-Clay Mineralogy} 


By 


Ropert C. MACKENZIE? 


At first sight differential thermal analysis seems a most promising 
method for the investigation of mineralogical problems, and its inherent 
simplicity and rapidity (determinations normally take only about 
100 minutes), together with the apparent cheapness of the apparatus, 
have led to its very wide and almost indiscriminate use over the last 
few years. It has consequently on occasion been applied to problems 
outwith its scope, and because it did not then yield useful results it 
has by some been dismissed as useless. Although such adverse criticism 
has had repercussions upon the development of the method tem- 
porarily, yet the long-term effects have been beneficial, since the limits 
to the applicability of the method have gradually become more clearly 
defined. 


Limitations of the Method. 


The causes of adverse criticism deserve some consideration and 
may be considered under three main headings: apparatus, technique, 
and minerals. 


1 Lecture given to the Swedish Society for Clay Research, Stockholm 28/11 1955. 
> The Macaulay Inst. for Soil Research, Aberdeen, Scotland. 
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Apparatus. Basically the method requires a specimen holder 
for the sample and inert material, a suitable furnace, and a thermo- 
couple system arranged in such a way that the difference temperature 
(AT) and the sample, or inert material, temperature (T) may be 
observed. The AT/T curve should then be interpretable in terms of 
the minerals present. This is not, however, the whole story, and much 
adverse criticism has arisen from those who have used too simple a 
form of apparatus. Thus, for any serious work it is essential that the 
rate of temperature increase over the the range used (normally, room 
temperature to 1 000° C) be reproducible (Grimshaw, Heaton & 
Roberts, 1945), but it is by no means essential, although for many 
reasons it may be desirable, that it be uniform over the whole range. 
With simple apparatus reproducibility is difficult to attain. Supply 
of a fixed voltage or fixed current to the apparatus does not ensure 
absolute reproducibility because of such factors as ageing of the furnace 
winding and although one can, theoretically at least, stand beside the 
apparatus and by means of, say, an autotransformer keep the furnace 
temperature rigidly to a predetermined cycle, this is too laborious 
for routine work and is liable to subjective errors. Most modern types 
of apparatus, therefore, are operated on the programme con- 
trol basis, but it should be stressed that use of programme control 
does not necessarily ensure great accuracy, since rather peculiar spurious 
effects can arise if the apparatus is badly designed. The on-off type 
of control is particularly liable to give such spurious effects if a metal 
block is used or if the thermocouples in a ceramic block are earthed. 
Such effects normally occur only at higher temperatures (usually 
above 600° C) and may be avoided by proper design, such as insertion 
round the specimen holder of an earthed cylinder of metal foil (Pask, 
1953), or by leaving the thermocouples at a floating potential. Use of 
fully floating proportional control should be ideal, but might prove 
rather expensive, and, from our experience at the Macaulay Institute, 
a straightforward programme control arrangement, provided it is 
properly designed, should give adequate accuracy for most work as 
well as enabling one to employ a uniform rate of temperature increase. 

Technique. Many difficulties arise from the empirical nature of the 
method. The peak temperature, which is normally used as a basis for ~ 
reporting differential thermal results, as well as for identification, is 
rather a variable factor, depending as it does upon rate of heating, size 
of specimen, packing of specimen, type of specimen holder, etc. Results 
obtained on one apparatus are thus not strictly comparable with those 
obtained upon another unless one has considerable knowledge of curves 
for the same samples run on the two apparatuses. The temperature of 
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the commencement of the peak is obviously much less susceptible to 
alteration with experimental factors and should physically be the tem- 
perature quoted for any reaction. It is, however, normally incapable 
of being measured as the curve departs from the base-line so very 
gradually that the actual point of departure is indeterminate. Mur- 
ray & Fischer (1951) have attempted to overcome this by using the 
point at which a line at 45° to the base-line becomes tangential to the 
commencement of the peak; they call this the »characteristic tem- 
perature». In spite of the possibilities of variation depending upon 
sensitivity of recording of the curve and some other factors, this »charac- 
teristic temperature» should strictly be less variable and therefore prefer- 
able to peak temperature; that it has not so far received much attention 
may be due to the rather obscure publications in which it has been 
used (e. g. Murray, Fisher, and Shade, 1951). 

In general, however, each apparatus has to be carefully calibrated 
for the minerals expected to be in the samples under investigation. That 
the peak temperature for an endothermic reaction is lower the smaller 
the amount of active material present may be partially compensated 
for, although not eliminated, by the use of the temperature of the 
sample, rather than that of the inert, at the peak (Grimshaw, Heaton & 
Roberts, 1945). 

Minerals. Variations occurring in the minerals themselves may 
frequently have serious effects. Thus although certain kandites', such 
as kaolinite or halloysite, are characterized by a large endothermic 
peak at 550—600° C and a sharp exothermic one at about 1 000° C, 
some ball clays and fireclays may show only an ill-defined hump in 
place of the exothermic peak. In spite of this, however, kandites can 
easily be detected in quantities of less than 5 °/ on differential thermal 
curves. The variations in the micas and smectites are much more 
serious, and unless one can use subsidiary features of the curve (such 
as the hygroscopic moisture peak) as the basis of a guess it is quite 
impossible sometimes to distinguish them. The curves reproduced in 
Fig. 1 illustrate this point: the variations in curves for these minerals 
are not due to differences in constitution or composition but seem 
rather to be due to order-disorder phenomena (Cole, 1955). The fact 
that the hygroscopic moisture peak is larger for smectites than for 
micas is not always diagnostic, since the presence of amorphous material 
may upset the relationships. 

Mineral identification from straightforward differential thermal 
curves is thus usually very difficult and frequently impossible except 
in isolated instances. 


1 The nomenclature used is that of G. Brown, Clay Min. Bull., 1955, 2, 294, 
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Fig. 1. Differential thermal curves for: A — muscovite, Goshen, Massachussets, U. S. A.; 

£—normal illite, Fithian, Illinois, U.S. A.; C — abnormal illite, Ballater, Aberdeen- 

shire, Scotland; D—normal montmorillonite, Wyoming, U.S. A.; #H— abnormal 
montmorillonite, Woburn, England. (After Mackenzie, 1956 a.) 


Quantitative Estimation. 


The assessment of the amounts of minerals present is perhaps some- 
what easier — but not much. It was early observed that the area under 
a peak was proportional to the amount of reactant present, but the 
theory has only recently been worked out. Speil (1945), Vold (1949), 
Arens (1951), Smyth (1951), Soulé (1952), Eriksson (1953) and others 
made valuable contributions to this end but the most complete 
theory is that developed in detail by Sewell (1952, 1953, 1955). This 
theory shows, in general, that, under certain conditions which are 
quite capable of practical attainment, the area under a peak measured 
in °C-min. should be strictly proportional to the amount of heat in- 
volved in a reaction irrespective of whether the peak is long and sharp 
or broad and shallow. Sewell’s theory also enables one to calculate 
with reasonable accuracy the peak temperatures which should be 
obtained in various apparatuses from readily available data such as 
type of specimen holder, size of sample, rate of temperature increase, 
stc. The proportionality of area to amount of mineral present is thus 
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now well-established. One difficulty does arise, however, in that the 
areas for, say, two montmorillonites giving peaks at different tempera- 
tures are not necessarily identical and it is therefore necessary for 
quantitative work to know the area given by the pure mineral identical 
to that under investigation. For some groups of minerals, e.g. the 
kaolin minerals, this limitation is not drastic since the areas for the 
two most commonly-encountered members are similar, but for others, 
e.g. micas and smectites, the limitation is considerable. 

Other difficulties arise when the peaks overlap completely, as illite 
and kaolinite normally do. In such circumstances it is occasionally 
possible to make allowances for one member — e. g. normal illite gives 
a peak about 15 % of the size of that for kaolinite — but estimates 
then are liable to greater error. Partially overlapping peaks, on the 
other hand — e. g. gibbsite and goethite — may be accurately assessed 
in the presence of each other. A method for the resolution of such 
peaks has been proposed by Berg (1945). 


Advantages of the Method. 


Although, with such a formidable list of limitations, it is pertinent 
to ask how the method can be of any practical value, nevertheless it 
does have a wide range of applicability and it is fitting to deal with 
this here. 

The most important advantage of the technique is that it gives 
information which may not readily be obtained by any other method. 
For example, an illite which gives a peak at 700° © (Mackenzie, Wal- 
ker & Hart, 1949) must be very different from one giving a peak at 
550° C and yet their X-ray patterns are, so far as one can tell, identical. 
Consequently, differences in behaviour, which would be extremely 
difficult to explain on the basis of X-ray evidence alone, may be traced 
to something quite definite. 

Another advantage is to be found in quantitative work. In spite of 
the limitations as regards quantitative work described above, it is 
found that the determination of the amount of kandites in soil clays 
is quite readily made to the nearest 5 %, an accuracy quite adequate 
for most purposes and one obtained more readily and rapidly by differ- 
ential thermal analysis than by any other method. Occasionally, it is 
difficult to make quantitative determinations for the top two layers, 
an observation which may be connected with the presence of organic 
matter. Despite this, however, if the suite of minerals present in a soil 


clay is known, say, by a combination of X-ray and differential thermal _ 


methods, then the variations in amount of the various minerals down 
the profile may often be readily followed by differential thermal analysis. 
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Fig. 2. Differential thermal curves for two Jurassic clays from Banffshire, Scotland, 


showing the small peak at 770° C indicative of about 3 % calcite. 


Thus X-ray examination, which is more time-consuming need not 
be carried out on all samples, but only on selected ones. 

One important advantage of the method over X-ray examination 
is that it is not confined to crystalline compounds, but can also detect 
and measure the amount of amorphous constituents present — 
e. g. amorphous iron oxide gels give quite distinctive peaks (Mackenzie, 
1949, 1952 a). Sometimes too the presence of amorphous alumina or 
silica gels is revealed by the presence of large low-temperature hygro- 
scopic moisture peaks in the absence of smectites. Trace amounts of 
certain crystalline materials may also be readily detected, however. 
For example, gibbsite, goethite, and calcite may be detected in amounts 
of 1 % or less — i.e. in quantities which, unless the X-ray film is 
vastly over-exposed, might easily be missed. The small amounts of 
calcite revealed by the peaks at 770° C on the curves for Jurassic clays 
in Fig. 2 were not observed from the X-ray pattern. 

In structural determinations even, the method may be of use since 
it can rapidly give information upon temperatures at which reactions 
occur and, therefore, can inform the investigator as to what tem- 
perature it is necessary to heat a sample for a change to occur. The 
thermal reactions may thus be of considerable interest on their own 
account. 

In addition to the above advantages which show how the method 
is really complementary to X-ray examination, certain recent develop- 
ments have shown that it is in fact possible to make positive mineral 
identification by differential thermal analysis alone, provided the 
sample is suitably pretreated. For example, gibbsite and goethite peaks 
‘sometimes completely overlap since the goethite peak is sensitive to 
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Fig. 3. Differential thermal curves for piperidine-treated clays: 1— montmorillonite 

(Wyoming, U.S. A.); 2 — illite (Fithian, Illinois, U. 8. A.); 3 — allophane (Oya, Japan); 

4 — clay from rendzina (Monte Serrasanta, Italy). Curves 3 and 4 for samples diluted 
to 50 % with inert material. 


particle-size variation but the gibbsite one is not: thus, a peak in the 
gibbsite region may be due to gibbsite alone, to fine-grained goethite 
alone, or to a mixture of the two. Munoz Taboadela (1953) has shown 
that treatment with NaOH can dissolve gibbsite and, consequently, 
if the treated sample is again analyzed, the absence or presence of a 
peak indicates gibbsite or goethite, respectively. Similarly, the ion- 
saturation and heating techniques of Greene-Kelly (1953) may be useful 
in smectite identification as may be the piperidine-treatment technique 
of Allaway (1949), which has been extended to allophane by Sudo 
(1954). Typical curves for piperidine-treated samples are shown in Fig. 
3. In the next few years the development of even more techniques to 
make differential thermal curves diagnostic can be looked for, and the 


method can therefore be expected to develop increasingly as a tool for 
identification. 


Application to Soil Clays. 


At the Macaulay Institute for Soil Research the method has been 
applied extensively, in conjunction with X-ray examination, to the 
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Fig. 4. Diagrammatic sketch of the circuit of the Macaulay Institute differential thermal 
analysis apparatus. 


study of soil clays. Before describing any of the results a few notes on 
the apparatus and technique seem appropriate. 

The Macaulay Institute apparatus has already been fully described 
(Mackenzie, 1952 b). It is completely automatic and the basic circuit is 
diagrammatically shown in Fig. 4. The Roberts’ thermocouple system, 
with one two-wire and one three-wire junction enables simultaneous 
determination of both the differential temperature and the tem- 
perature at the centre of the sample. Specimens of 0,2 g in a sintered 
alumina specimen holder in a ceramic block are used. The recorder 
for the sample temperature trace is potentiometric, so as not to upset 
the AT record. A resistance box in the AT circuit serves to cut down 
the deflection should it be too large. The rate of temperature increase 
is controlled from a thermocouple outside the block but inside the 
furnace core, and is such that the temperature at the centre of the 
inert material increases at 10° C/min. over the range room temperature 
to 1 000° C. Control is effected by the relay R cutting in or out the extra 
resistance A as necessary and is excellent in so far as there is no hunting 
at the centre of the inert material. 


Ls 
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Fig. 5. Differential thermal curves for some Swedish soil clays. 


All clay samples are separated by sedimentation after dispersion 
with ammonia, the organic matter is removed by H,Q,, and the samples 
equilibrated at 56 °% relative humidity before determination (Macken- 
zie, 1956 b). 

Curves for various minerals as determined on this apparatus and 
with this pretreatment have been previously published (Mackenzie, 
1951) and need no reproduction here. Suffice it to say that some minerals 
when present in clays seem to differ from the same type of mineral in 
macro form; thus, clays containing quite high amounts of chlorite do 
not show large characteristic peaks such as those given by pennine. 
Also it has never been possible to detect vermiculite on a soil-clay 
curve. Whether these differences are due to fundamental variations 
or are merely attributes of very fine particle size is at present 
uncertain. 

Examination of a large number of soil clays suggests that the differen- 
tial thermal curve may be used almost as an index of weathering. Thus, 
where weathering has been slight, as for the Swedish clays for which | 
curves are shown in Fig. 5, the curve departs little from a straight line | 


and is virtually impossible of interpretation; these clays are in fact 
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Fig. 6. Differential thermal curves for clay fractions of: A — Red Earth, Nilgiri, India 
B— Black Cotton Soil, Africa; C — Black Cotton Soil, India. 


highly micaceous. In sharp distinction to these the curves shown in 
Fig. 6 for soil-clays from tropical regions are quite distinctive and 
individual minerals can be readily recognized. The clay from a Red 
Earth from India (Curve A) consists of gibbsite, goethite (fine-grained 
and giving a peak additive with gibbsite) and a kandite (probably 
Brindley’s »fireclay mineral»). The clay from a black cotton soil from 
Africa (Curve B) consists mainly of kandite (again apparently »fireclay 
mineral») while the clay from a black cotton soil from India contains 
montmorillonite with a trace (< 5 %) of kandite. The last two curves, 
incidentally, admirably illustrate the fact that all soils of one type need 
not have the same clay mineralogy. 

Scottish soil clays are somewhat intermediate between the arctic 
and tropical types and yield moderately diagnostic curves. They con- 
tain predominantly hydrous micas but invariably contain some kan- 
dite. Other minerals frequently present are smectites, vermiculite, 
chlorite, and common accessories are haematite, ferric oxide gel, and 


34—563060. G.F. F. 1996. 
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Fig. 7. Sketch map of Scotland; counties for which detailed soil-clay data are available 
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quartz. Gibbsite, goethite, and lepidocrocite generally only occur in 
traces if at all. 

Clays from a large number of profiles selected by the Soil Survey of 
Scotland as representative of various mapping units have now been 
examined in a routine manner, and the type of information which may 
be gleaned from curves for such clays is best illustrated by reproducing 
and discussing some of particular interest. It is customary, if pos- 
sible, to examine one naturally freely-drained and one naturally poorly- 
drained soil from neighbouring sites on the same parent material and 
the following diagrams all show, normally, such »comparative pairs», 
P indicating the freely-drained and PH the poorly-drained member 
(HP indicates a very wet soil). Four areas in Scotland have so far been 
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Fig. 8. Differential thermal curves for clays from freely-drained (P) and poorly-drained 


(PH) profiles developed upon till derived from Old Red Sandstone sediments, Ordley, 
Aberdeenshire, Scotland. 
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examined; these (shaded on the sketch map in Fig. 7) are Aberdeen- 
shire (granite, basic igneous, pre-Cambrian gneiss, schist and slate, 
Old Red Sandstone), Kincardineshire (O. R. 8., some lavas), Roxburgh- 
shire (Silurian and Ordovician mudstones and greywackes, O. R.S., 
igneous) and Ayrshire (Carboniferous, O. R.S., igneous). 

The Old Red Sandstone System occurs in all these areas and it is 
noteworthy that all soil-clays developed on such parent material so 
far examined give the same type of differential thermal curve (Fig. 8). 
The two peaks are due to kandite and to illite and the reason for separa- 
tion is that the illite peak for some reason occurs at 580—600° C in 
place of the usual 550° C. X-ray evidence shows only a normal diocta- 
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Fig. 9. Differential thermal curves for clays from profiles with impeded (P—PH) and 
very poor (PH—HP) drainage developed upon till derived from Carboniferous shales 
and sandstones, Ayrshire, Scotland. 


hedral illite, so this is an instance where knowledge obtained from the 
differential thermal curve is additive to that obtained from X-ray 
examination. The reason for the high peak temperature of illite is not 
known, but since the same mineral has been found to occur in the 
parent rock its formation is not a contemporary pedological phe- 
nomenon. It has not been found in soil clays from any other geological 
formation so far investigated. Variation in amounts of the two minerals 
with depth is also well illustrated by these curves: in the freely-drained 
profile the kandite concentration increases towards the second horizon, 
in the poorly-drained it increases with depth. Ferric oxide gel (exother- 
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Fig. 10. Differential thermal curves for clays from a profile developed upon till derived 
from andesitic lavas of Old Red Sandstone age, Fasset, Roxburghshire, Scotland. 


mic peak at 345° C) is present in the upper layers of the poorly-drained 
profile. From X-ray evidence vermiculite is known to be present in the 
lowest layer of the poorly-drained soil, but is not visible on the differ- 
ential curve. The maximum kandite concentration in the P soil is 
about 15 %, in the PH soil about 25 %. 

Soil clays derived from shales and slates have surprisingly high 
kandite contents, particularly under poorly-drained conditions. For 
sxample, Carboniferous sediments in Ayrshire have yielded soil clays 
ziving the curves shown in Fig. 9. In the wet soil (PH—HP) the kao- 
nite content decreases with depth and the other mineral present is, 
of course, illite. A little goethite (peak at about 300° C) appears in 
sertain layers. The curves for soil-clays from pre-Cambrian slate 
re not dissimilar to those reproduced, allowing for a smaller kandite 
sontent (a maximum of 20 % compared with 55 %), and although 
he illite present is trioctahedral it still appears to give a peak additive 
with the kandite one. 

Soil-clays from acid igneous and basic igneous parent materials give 
ather unexciting curves, with one possible exception. Acid igneous 
materials yield highly illitic soil clays — in spite of the text-book 
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equation of felspar weathering to kaolinite; basic igneous soils give 
large amounts of illite and smectite, but the curves are difficult to 
interpret since all the peaks normally are additive at about 550° C 
and even determination of kandite is subject to error because of the 
large, generally unknown, allowances which must be made for the 
illite and smectite peaks. The presence of smectite can sometimes, but 
not always, be deduced from the size of the hygroscopic moisture peak. 
Vermiculite occurs in soils on acid igneous material, but has never 
been identified from the differential thermal curve. However, the 
bottom layers of the wet soils on basic igneous materials are frequently 
of interest as they may contain large amounts of ferric oxide gel which 
can readily be detected by the exothermic peak at about 345° C on 
the differential thermal curve, but which, being amorphous, cannot 
be detected by X-ray examination. 

A smectite rather different from the usual type in our soil clays ap- 
pears to occur in some soils derived from O. R. 8. andesitic lavas, the 
peak being quite visible at about 650° C; it is thus practically of the 
normal montmorillonite type. The variation from about 10 % to 
about 20 % down the profile can be clearly seen in Fig. 10. The clays 
are otherwise highly illitic and reminiscent of the Swedish clays (Fig. 5). 
The kandite content is about 10—20 %. Differences between the smec- 
tites in these clays is not obvious from X-ray evidence alone. 


The fact that the chlorite in many soil clays cannot be identical 
with the macro material is well illustrated in Fig. 11 where curves for 
a Silurian greywacke (Curve 2), for the clay fraction of this grey- 
wacke (Curve 3), for various weathering stages of greywacke and 
mudstone (Curves 4—8), and for some soil clays derived from them 
(Curves 9—11) are shown. These are all reasonably high in chlorite 
(20—40 %) and yet the lar ge chlorite peaks are nowhere in evidence. 
The maximum amount of kandite in these clays is 15 °% and the illite 
content varies from 20—50 °%. It is interesting to note that the first 
stage of weathering of the mudstone is the disappearance of calcite 
(compare Curves 2 and 4). Curve 1 is merely a standard curve for 10 % 
calcite. Geologically, the apparent richness of Carboniferous sedi- 
ments in kandite and the apparent paucity of this mineral in Silurian 
and Ordovician sediments is of interest. 

In contrast to Silurian soil-clays, those derived from serpentine give © 
very characteristic curves (Fig. 12), showing large amounts of antig- 
orite, at least in the surface-layers of freely-drained soils. Tllite and | 
smectite increase as antigorite decreases. Ferric oxide gel occurs in 
several layers. The first curve shows only calcium oxalate which was 
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Fig. 11. Differential thermal curves for: 1— 10 % calcite; 2 — fresh greywacke (total 
rock); 3 — clay fraction of fresh greywacke; 4—8 — various weathering stages of grey- 
wacke and mudstone (total rock); 9—11— soil clays developed upon till derived from 
greywacke and mudstone. All samples from Woo Law, Roxburghshire, Scotland. Small 
peak at 615° C appears to be that due to chlorite; clay giving curve 8 contains 30 %. 


accidently formed during peroxidation of the soil-clay in the presence 
or Ca?” . 

This rapid survey gives some idea of the type of information obtain- 
able by differential thermal analysis, and is indicative of how the data 
it provides is supplementary to that obtained by X-ray examination. 
In conclusion, therefore, I should merely like to make two additional 
observations. The first is that fractionation of a clay into different 
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Fig. 12. Differential thermal curves for clays from freely-drained (P) and poorly-drained 
(PH) profiles developed upon till derived from serpentine, Greenhill, Aberdeenshire, 
Scotland. 


particle size ranges can frequently give information additional to that 
obtainable from a normal curve. For example, ferric oxide gel is usually 
concentrated in the fine fraction and it has been noted that when a 
coarse fraction of a clay contains goethite and the fine fraction of the 
same clay contains ferric oxide gel the exothermic peak of one may 
cancel out the endothermic of the other so that no peak is visible on 
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the curve for the total clay and both minerals would be missed. Alter- 
natively, certain minerals may be more concentrated in one fraction 
and the use of particle-size fractionation may aid in diagnosis. The 
second observation is to make a plea for the use of all available methods 
in investigation of any clay. Each method can add its own quota of 
information — which may not be available by any other method — 
and to obtain even a reasonable knowledge of the constitution of any 
clay sample it should ideally be examined by X-ray, differential 
thermal, infra-red, chemical, optical, and electronoptical methods. 
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Varmotet 1956 


Svenska foreningens for lerforskning varméte hélls i Uppsala den 
6 maj vid Kungl. lantbrukshogskolan. Inst. for marklaira hade ordnat 
ndtet och samtliga foredrag hdllos av forskare vid denna institution. 
venska marklaresdllskapet hade inbjudits. 

Vid formiddagens session redogjordes for »Mineralogiska och fysi- 
alisk-kemiska undersékningar avy lerfraktionen fran odlade jordar» 
1ed férst ett Sversiktligt inledande anforande av professor L. Wik- 
inder. Specialféredrag 6ver den réntgenografiska undersdkningen hdlls 
v agronom E. Lotse och éver den differentialtermiska undersékningen 
v agr. lic. K. Vahtras, varefter prof. Wiklander behandlade hela amnet. 
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Ett referat av foredragen foljer nedan. Den planerade diskussionen 
maste tyvarr instillas pa grund av begransad tid. 

Vid eftermiddagens session héll laborator B. Collini ett foredrag 
éver »Nagra synpunkter pa fragan om kvartdrlerornas uppkomst». 
Diskussion féljde, 1 vilken hrr Tamm, Hagerman, Asklund och Wik- 
lander, fru Bystrém samt foéredragshallaren deltogo. Foredraget och 
diskussionen ha atergivits nedan pa engelska. Agronom 8. Odén holl 
sedan ett foredrag om »Bevatningsvirme hos ler» och agronom E. 
Andersson dver »Oxalatmetoder och deras anvéndning vid markstudier». 
Bada foredragen aro atergivna i sin helhet nedan. 

Vid foreningens forhandlingar beslots den andring, som foreslagits 
vid héstmétet 1955, av § 3 1 foreningens stadgar. Denna paragraf har 
salunda fatt foljande utseende: 


§ 3 


Styrelse 


Foreningens styrelse bestar av ordforande, sekreterare, kassaférvaltare och ytter- 
ligare tva ledaméter samt en suppleant. Styrelsen ar beslutmassig, dé minst tre leda- 
moter aro narvarande. 


Efter forhandlingarna héll laborator G. Assarsson ett kort anforande 
ver sina intryck fran det tredje internationella symposiet »Reactivity 
of Solids» i Madrid 2—7 april 1956. 

Sekr. 


Mineralogiska och fysikalisk-kemiska 
undersékningar av lerfraktionen fran 
odlade jordar! 


Av 


LAMBERT WIKLANDER, Erik LotseE (Rontgenografisk undersdkning) och 
Kareu Vautras (Differentialtermisk undersékning)? 


Abstract. The mineralogical composition of clay fractions (< 24) separated from 
some 50 cultivated soils from different parts of Sweden has been determined by means 
of X-ray, DTA, cation exchange capacity, and nonexchangeable K. 

Illite was found to be the main mineral. Other minerals occurring in the clays, though 
not always present, are quartz, kaolinite, chlorite, vermiculite, montmorillonite, feld- 
spar, and amphibole. 

Certain colloidal properties of the clays were determined, such as pH of the H-clay, 
floc volume (sediment volume), swelling in and absorption of water, hygroscopicity, 
cation exchange capacity, and particle size distribution. These properties were found to 
be rather well correlated to the mineral composition. 


* Sammanfattning av foredrag vid Svenska foreningens f6 lerforskni a 
ii ae te ee g ingens for lerforskning sammantrade 


* Inst. f. markliira, Kungl. Lantbrukshégskolan, Uppsala. 
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Med avsikt att studera lerfraktionens (< 2u) mineralogiska samman- 
séttning och fysikalisk-kemiska egenskaper har ett. 50-tal jordprov 
(30—50 cm) insamlats fran olika trakter av Sverige, fordelade fran 
Ranea i Norrbotten till Simlinge i Skane. Proven har utvalts sA att de 
representerar postglaciala och glaciala leror, siluriska mordnleror 
(Vastergétland, Ostergétland och Jamtland) samt Skanes nordost- 
moran (skifferurbergsmoradn), sydostmoran (krita-kambrosilurmoran) 
och sydvastmordn (krita-lermoran), de bada sista ofta gemensamt 
betecknade de baltiska moranerna. 

Provtagningarna har gjorts betydligt titare inom de skanska morin- 
omradena an inom landets évriga delar fér att dirigenom méjliggéra 
pavisandet av eventuellt forekommande regionala skillnader i samman- 
sdttning och i 6vriga egenskaper mellan de skanska mordnerna inbordes 
och mellan dessa och 6vriga undersdkta jordar. 

Alla jordprov har underkastats mekanisk analys enligt hydrometer- 
forfarandet, varvid sedimentationstiderna tagits si langa att bestam- 
ning av partikelfordelningen ned till 0,5 « méjliggjorts. Leret har dar- 
igenom kunnat uppdelas i en fraktion 2—0,5 mw och i en fraktion 
< 0,5 mw. Jordarten vaxlade fran leriga jordar till mycket styva leror. 

Lerfraktionen Na-miittades och separerades genom sedimentation. 
En mindre del H-miattades for pH-bestiamning i lergelen (sa lag vatten- 
halt som médjligt). Ovriga analyser omfattade réntgen- och differential- 
termoanalys, katjonbyteskapacitetsbestamning savil med NH, som 
med Ba, bestiémning av flockvolym (sedimentvolym), svallning och 
vattenabsorption, hygroskopicitet éver 10 °%- och 43 %-ig H,SO, samt 
halten gitterkalium (icke fértraéngbart). 

De mineralogiska analyserna har visat att foljande mineral fore- 
kommer i de isolerade lerfraktionerna: illit, kvarts, kaolinit, klorit, 
vermikulit, montmorillonit, faltspat och amfibol. [lit och kvarts ar 
allmant forekommande. Illiten har visat sig vara det dominerande 
mineralet, medan kvartsen forekommer i endast sma méngder. De 
andra mineralen ar mer olikformigt fordelade, i det att ett eller flera 
av dem saknas i ett flertal av proven. Montmorillonit har pavisats 
endast i de baltiska mordnerna 1 Skane, dar vissa prov emellertid 
innehaller betydande kvantiteter av detta mineral. Att sa dr fallet 
framtrader aven tydligt i de fysikalisk-kemiska egenskaperna, sasom 
katjonbyteskapacitet, svallning i vatten, flockvolym etc. God éver- 
ensstimmelse har erhallits mellan halten illit uppskattad a ena sidan 
fran réntgenanalyserna och 4 andra fran icke fortrangbart kalium. 
Det senare avtar i ordningen: Glaciala och postglaciala leror > skiffer- 
urbergsmorin > sydostmoraén > sydvistmoran. Detta férhallande an- 
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tyder att illithalten sjunker men kan dven innebara att illiten ar mer 
degraderad, d. v. s. kaliumfattigare. 

Lerfraktionens finfordelningsgrad, bedbmd med ledning av halten 
finler, vaxer i ordningen: Glaciala och postglaciala leror < skiffer- 
urbergsmoran < sydostmorin < sydviastmorén. I samma riktning 6kar 
specifika ytan, vilket aven bekraftats genom beraikningar grundade pa 
hygroskopicitetsvardena. Betydande variationer forekommer dock 
inom den sedimentara jordartsgruppen. 

Betraffande de fysikalisk-kemiska egenskaperna hos prov av olika 
genetiskt ursprung foreligger betydande skillnader med avseende pa 
katjonbyteskapacitet, svallning, hygroskopicitet och flockvolym, vilka 
vixer i den ovan naémnda ordningsféljden. Detta tyder pa en andring 
1 lerets sammansattning i riktning mot en vaixande halt av mineral 
med hog katjonbyteskapacitet och stor formaga att binda vatten. 

En jamférelse mellan resultaten fran de rent mineralogiska analyserna 
och de fysikalisk-kemiska bestémningarna visar ett starkt samband 
dem emellan. Vissa iakttagelser tyder emellertid pa att mineralogiska 
analyser enbart inte ar tillrackliga utan maste kompletteras med andra 
bestémningar for att tillrackliga upplysningar om lerets fysikalisk- 
kemiska egenskaper skall erhallas. Mineralogiska analyser redovisar 
namligen ej tillfredsstallande partiklarnas ytegenskaper. 


On the origin and formation of the 
Fennoscandian Quaternary clays 


By 


Benet Coun? 


In the Scandinavian literature three different opinions, on the 
whole, have been presented as to the origin and formation of the 
Quaternary water-laid clays, particularly the Glacial ones. The three 
opinions can be described: 

1. The clays consist of »rock meal», chemically unchanged, being the 
result of grinding of rock material in and under the big Pleistocene ice 
sheets, followed by sorting during the transport in the glacial streams. 

2. The same mode of formation, with the difference that the main 
grinding of the rock material is supposed to have taken place in the 
sub-glacial rivers under more or less strong contemporaneous chemical 


ee of a lecture given in The Swedish Society for Clay Research on May 16th 


* Department of Pedology, Royal Agricultural College of Sweden, Uppsala. 
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changing of the mineral particles. This opinion was first advanced by 
Oxor Tamm (1925). RosEN@vIST, in a recent publication (1955), proposes 
what could be called a variant of it. He assumes that the illite content 
of the Norwegian Quaternary clays is due to Glacial and Post-Glacial 
weathering and crystallization. Part of this may have been formed 
authigenously in the clays from colloidal amorphic substances. 

3. In addition to the clay material which was more or less changed 
by the inland ices the Glacial (and Post-Glacial) clays also contain a 
variable amount of Pre-Glacial clay matter, inherited from Tertiary 
and even Cretaceous sediments. A. G. Hécsom, at the end of the 19th 
century, first presented this explanation, later followed by LetvisKA, 
HORNER and Sovert (1950) (see also Contry 1950, with citations from 
LeEtvisKA and HORNER). 

In the further discussions the Post-Glacial clays are not included. 
They are apparently to a large extent made up of Glacial clay material, 
eroded and resedimented in Post-Glacial time. 

As to the mineralogical composition of the Glacial clays of Fen- 
noscandia their dominating clay minerals are illite and chlorite (CoLLINI 
1950, WIKLANDER 1950, Soverr 1950, 1955, Rosenevist 1955, WIkK- 
LANDER, LotsE and VAnHTRAS 1956). 

There is no reason to assume another development of the climate 
in Fennoscandia during the Tertiary period than that of Middle Europe 
as described e.g. by O. JessEN (1938). The climate during most of 
this period favoured a deep weathering of the bedrock. The roots of the 
Pre-Glacial weathering are still found in many places in Fennoscandia. 
From Fennoscandia no data, so far, have been published concerning 
the mineralogical composition of Tertiary and Cretaceous clay sedi- 
ments. Danish and German investigations (UNMack 1944, 1949, GraFr- 
PETERSEN 1955, LippMaNN 1952) show a very variable composition, 
from montmorillonite-dominated clays to illite-rich ones, for the 
Tertiary period. A similar variation could be expected to have charac- 
terized the Tertiary sediments in Fennoscandia in Pre-Glacial time. 

It seems indisputable, that Fennoscandia, at the beginning of the 
Ice Age, was covered by Tertiary (and perhaps even Cretaceous) sedi- 
ments and weathering products in situ. We do not, however, know, 
how much was left by the land ices in one form or the other. 

One important point in this connection regards the composition of 
recent ooze from glaciers, resting upon and eroding bedrock of different 
kinds. Very few data are to be found in the literature and, as far as the 

author knows, there are none as to the mineralogical composition. 
Minster Srrom (1943) described sediments from a lake, situated in 
a highly glaciated district in Norway. Compared with the bedrock of 


4 


q 


530 BENGT COLLINI [Maj—Okt. 1956 


Clay 
con- : 
Locality Bedrock tent Mineralogical 
(< 2p) 
% 
eR eS eS eee 
mica chlorite | quartz 
The Karsa glacier garnet-bearing mica schist 1,62 +44 aan ++ 
The Aletaive glacier garnet-bearing mica schist,} 2,15 | +++ (+) (+) 


amphibolite only under the 
highest parts 


The »Big glacier» (Storgla- | amphibolite and some gar- 
ciaren, Kebnekajse Moun-| net-bearing mica schist 
tain) 


The Parsotjakko glacier amphibolite 2,48 i.e 


The »Shelf glacier» (Hyll- | amphibolite and most likely} 2,15 | +++ 
glaciiren, Akka Mountain) | some garnet-bearing mica 


bs 
to 
So 
a 
mek ES 
ane ae 
ae ang 
+ 
= 


schist 
The Maherra glacier amphibolite 4,78 |} +++ nits ~ 
(mixed- 
layer 
min.) 
The Gardetjakko glacier granite and greenstone 2,81 +++ (++)! (++) 
Till (Middle Sweden) | granite, leptite, 5,63 + ta 4 
» » » ) leptite-gneiss, 19,9 
| greenstone 
amph. = amphibole, pl. = plagioclase, dom. = dominating, n. f. = not found; 


high content +-+-+, rel. high. content ++, rel. low content (++), low content +, 
very low content (+) 


the area the sediments were only very slightly changed in chemical 
composition. LAG and Berasmtu (1955) found that glacier oozes have 

a lower pH and other acidoid-basoid-properties than the corresponding 
artificially crushed rocks. From his important studies of clays and tills 
in the Uppsala region HORNER (1946) inferred, that it is quite impos- 
sible to think that the Glacial clay material of this area was derived — 
from the clay fraction of the till. He supported his conclusions by — 
comparisons with recent glacier oozes with respect to their particle 
size distribution and DTA curves. The latter do not reveal any change 
at all of the clay fraction of the glacier oozes. 
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K- Cation 
B. content jexchange, Floc eS 
Aposition Mica non-ex- | capacity | volume 
changea-| mval/ ml/g | \H,0- | »0H- 
ble 100 g peak» | peak» 
ld- | amph. 
par 
+ Ts, £ 10 A line sharp, 4,72 22 14 small | none 
5 A line weakened 
(comp. with 10 A line) 
-+ _ 10 A line sharp 35 
5 A line very much 
weakened 
$$ 
-+ | dom. 0,99 24 13 small | none 
ol!) 
| 
-+ | dom 14 
yl!) 
+ j++ 10 A line sharp, 28 large | none 
|!) 5 line weakened 
+ | dom.}| + mixed-layer mineral 39 82 large | none 
sl!) tale? 
a 10 A line somewhat dif- 35 20 large | small 
fuse on the concave 
side, enhanced on 
heating to 450° C 
5 A line very much 
weakened 
+3 ae. 3,55 19 17 small | small 
3,20 21 30 


To complete our knowledge of the composition and properties of 
recent glacier oozes the author has investigated a number of samples 
rom Swedish glaciers, collected by friends, colleagues and by himself. 
Preliminary results from seven localities are presented here. The glaciers 
n question are enumerated in the Table. They belong to three groups 
vith respect to underlying bedrock (column 2). 

In order to get material as fine-grained as possible, the samples were 
aken in rills that had just dried up, on the till ground before the 
Jacier front. The data presented refer to the clay fractions (< 2 ) 
solated from these samples. The clay content, calculated on the 
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material finer than 2 mm, is very low. Too much regard should not be 
paid to the values of column 3 as the samples at the collection may 
have been somewhat contaminated with material from underlying till. 
The content of matter finer than 20 varies between 2 and 22 % and 
that finer than 60 « between 30 and 80 %. It may be mentioned, that 
the clay percentage of the ooze, suspended in the glacier stream water 
immediately at the tunnel of the Karsa glacier on two occasions in 
1950 amounted to 10 and 25 % respectively. At an Icelandic and a 
Norwegian glacier HOrneR (1951) found percentages of 17 and 8 % 
respectively. 

The mineralogical composition of the clay fractions, as determined 
from X-ray powder diagrams, is given in column 4. Generally there 
is a very good correlation between the composition of the bedrock 
under the glacier and that of the ooze. The bedrock of the Shelf Glacier, 
however, must contain much more mica schist than what appears from 
the literature judging from the high content of both amphibole (horn- 
blende), mica, and quartz. 

As to the degree of changing of the clay material, the data of the 
mineralogical composition itself do not give much information. In this 
connection, however, the appearance of the 10 A reflection of the mica 
component is of interest (column 5). For three of the four mica-rich 
samples the line is sharp and shows no appreciable change on heating 
the specimen to 450°. In one case, the Gardetjakko glacier, the line 
is somewhat diffuse on the concave side and is enhanced on heating. 
It is of interest to combine this observation with the fact that this: 
sample is the only one, giving a DTA curve with an »OH-water»-peak. 
The intensity relations of the 10 A and 5 A lines will be fully discussed. 
later. 

The ooze from the Maherra glacier has a high content of a mixed-: 
layer mineral. Powder diagrams obtained from specimens treated in, 
different ways indicate that it might be an interstratification of illite,, 
vermiculite and montmorin. The mineral will be further investigated.. 
In any case it strongly influences the properties of the clay material, 
as seen from columns 7 and 8, where it has the highest values of cation: 
exchange capacity and floc volume respectively. 

Cation exchange capacity was determined according to MmHicH 
(1953), floc volume following the suggestions of WIKLANDER (1955). 
The Karsa and Big glaciers seem remarkably similar with regard to 
capacity when the great difference in mineralogical composition i 
considered. The same can be said regarding the floc volume. In ae 
to its capacity value the Gardetjakko glacier could have been expecte 
to exhibit a greater floc volume. Judging from the data of WIKLANDEI 
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et al. (1956) the values of exchange capacity and floc volume of the 
clay material of the glacier ooze samples fall within the lower part of 
the variation amplitude of the Quaternary clay fractions. The adsorbed- 
water peak (»H,O-peak») of the DTA curves of the glacier oozes (column 
10) seems well correlated with the floc volume values. 

The chemical analyses will be fully published later. The potassium 
content of the clay material of the Karsa glacier (column 6), 4,72 OT 
is high in comparison to that of the mica schist bedrock. This must be 
due much more to mechanical enrichment of the mica than to the feld- 
spar content. 

The Table includes some data from the clay fractions of two typical 
till samples from Middle Sweden. One of them, however, has an excep- 
tionally high clay content for a till derived from granites and leptites. 
The mineralogical composition may be representative for the tills of 
large areas in Sweden, viz. those with granite and gneiss bedrock. This 
1s also shown by chemical analyses. In the X-ray diagrams the 10 A 
line is too weak to give any information as to the degree of changing of 
the mica. Cation exchange capacity and floc volume exhibit low values, 
in the lower part of the variation amplitude of the < 2 mu fraction of 
the Quaternary clays. 

The glaciers now discussed undoubtedly erode the bedrock under 
themselves. However, the clay fraction of the ooze material and of the 
tills discussed does not have a mineralogical composition, a particle 
distribution, or properties quite equal to that of the Quaternary Glacial 
clays. In this respect the Karsa and Aletaive glaciers are especially 
remarkable, as they rest upon a mica schist bedrock, which could be 
expected to be particularly apt for producing fine-grained erosion 
products. 

As long as no exact data are available on the effect of the size of the 
glaciers on their grinding activity, further conclusions must be drawn 
with great caution. It does not seem quite self-evident that a bigger 
glacier would give not only an absolute increase of the quantity of 
ooze material but also a relative enhancement of its clay per- 
centage. 

RosENQvIstT, in his explanation cited in the introduction, assumed 
part of the illite of the Quaternary clays to be formed by new crys- 
tallization from colloidal amorphic substances. To increase, with such 
a process, a clay content of the magnitude characterizing the glacier 
oozes to that of the Glacial clays, would postulate a big quantity of 
amorphic substances. It seems difficult to indicate their origin. 

Another point of interest is the réle of the feldspar. In the preceding 
only the changing of the mica has been discussed. The feldspar content, 
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however, of granites and gneisses is considerably higher than that of 
mica. A normal Filipstad granite e. g. consists of 5}0—75 % of feldspar, 
while the mica content hardly amounts to 10 %. In contrast, the feld- 
spar percentage of the < 2 u fractions of the Glacial clays is very low. 
At present it cannot be stated, whether this is due to glacial 
changing of feldspar to illite or segregation of the feldspar, together 
with quartz, during transport in glacial streams. Tamm’s (1925 and later) 
experiments with changing of feldspar under glacial conditions ought 
to be repeated and the formed products investigated as to their mineral- 
ogical composition. 

Thus, there exists a contradiction between the usually high clay 
content of the Glacial clays and the-low clay content of tills and recent 
glacier oozes. To explain this we are obliged to resort to sources of 
Pre-Glacial origin. In some cases this explanation seems rather self- 
evident, e.g. for big parts of Uppland. The appreciable calcite con- 
tent of the Glacial clays in this region is derived from the Cambro- 
Ordovician area in the Gulf of Bothnia. It is reasonable that part of 
the remaining clay material must originate from the same sedimentary 
rocks. 

Since the nineties, findings of Cretaceous and Tertiary micro fossils 
(foraminifera, diatoms, and silicoflagellates) in secondary positions, 
e.g. in Quaternary clays, are known from different parts of Sweden 
(Mapsen 1895, 1896, Munroe 1896, 1897, Bera and CLEvE-EuLER 
1941, Creve-EuLER and Hesstanp 1948, TuLisrrém 1954). These 
fossils were primarily embedded in Cretaceous and Tertiary clay- 
bearing sediments. But where are these sediments now? The simplest 
explanation seems to be that they form an appreciable part of the 
Quaternary clays. 
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Discussion: 


Otor Tamm gave a short retrospect of his laboratory experiments with 
clay formation from feldspar and granite under glaciofluvial conditions. A 
surprisingly large change of the feldspars was found. He further stressed the 
fact that there must be a big difference between the streams of the glaciers 
existing at present, including the Greenlandic ice sheet, and the enormous 
glacial rivers that must have existed during the recession of the last inland 
ice. From his experiments he could infer that there could have been a new 
formation of mineral lattices from colloidal amorphic substances. 

One possibility to trace the Tertiary weathering crust might be to study 
the variations in quartz content in tills from different parts of Sweden. The 
quartz percentage might increase with rising admixture of Tertiary material 
and exhibit higher values in southern than in northern Sweden. 


Hacerman discussed the possibility of eolian transport of weathered 
material to the central parts of Fennoscandia during the Interglacial ages. 
in addition to the Tertiary weathering products and still older clay sedi- 
ments, also grinding products from the older Pleistocene Glacial ages changed 
oy Interglacial weathering, might be taken into consideration as sources for 
he Quaternary clays. 


ASKLUND pointed out the different ways in which potassium feldspars 
ind plagioclases react upon glacial crushing and weathering. The plagio- 
lases are usually strongly altered in advance through sericitization and saus- 
uritization. As to the last process the micas surely are to a large extent: 
yaragonitic. They are supposed to react on weathering and leaching in quite 
. different manner than the common muscovite. In great parts of the Cale- 
lonian mountain range the plagioclases of the greenstones might be so strongly 
wimarily altered that the secondary micas from them play a great rdle in 
he processes discussed by the lecturer. 


CoLLiNI, in reply to Tamm, emphasized that a fundamental point as to 
he activity of the recent glaciers in comparison to that of the inland ices 
s the problem if there was not only an absolute but also a relative enhance- 
nent of the clay content of the glacial sediments. In answer to Asklund he 
ointed out the difficulty of distinguishing, on X-ray films, between the 
ifferent kinds of feldspar especially when mixed with other minerals. One 
ossibility to determine the role of the secondary »sericite» in formation of 
Juaternary clays might be to study their fluor content. 


_WIKLANDER stressed the great difference between the conditions of the 
eathering processes of the upper and lower parts of a clay profile. In the 
soap clay» the mineral particles always lie in the same solution. The changing 
f one mineral into another proceeds much more slowly than in the super- 
cial layers, where the conditions permanently change and soil forming 
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processes take place. In the »soap clay» the rate of reaction must decrease » 
or even an equilibrium be established. 


Bysrrém asked if the undetermined mineral of the ooze of the Maherra | 
glacier must necessarily be a mixed-layer one of the mica montmorin type. 
Could it not be an hydrated amphibole? As seen from the X-ray films, the | 
amphibole reflection at 8,5 A was enhanced in relation to the other lines on 
heating the specimen. 


Cottini had thought of the same possibility but considered the difference: 
in spacing between the unknown mineral and an amphibole to be too great. 
Further it seems improbable, from X-ray diagrams of other glaciers on: 
similar bedrock, that the amphibole crystals would have been changed com-. 
pletely. A superficial alteration is more probable, but this would not be: 
registered on an X-ray film. 


Om bevatningsvarme hos ler och humu® 
Av 


SvANTE ODEN? 


Abstract: This paper reviews some investigations on the heat of wetting of soils and’ 
soil organic constituents. The determinations have been performed with a new dynamic: 
calorimetric method. The smallest detectable heats are of the order of 3+ 10-* cal. The: 
principles of a second method are also proposed. 

The integral heat of wetting of soils is correlated to exchange capacity and clay con- 
tent (< 2). Deviation of the individual points are discussed. 

The main interest concerns the heat of wetting curve, i. e. integral heat of wetting 
versus water content, and its derivate, the differential heat of wetting curve. The latter 
equals the change in entalpy of the heat of wetting reaction. Changes in free energy are 
calculated from adsorption isotherms and the two values are combined in the Gibb’s 
equation in order to get the changes in entropy, which is an expression for the energy 
of orientation of the water molecules. This energy ranges up to — 65 cal per gram but 
at low water contents an energy consuming process (positive values of the entropy 
reduces this to zero or even positive values. This seems to be due mainly to the building 
up of the electrical dubble layer surrounding the colloid particles. 


De ytaktiva egenskaper, som markens kolloidala komponenter besitter, 
yttrar sig pa en mangfald olika satt. De har formagan att upptaga och 
binda vatten ur saval angfas som vitskefas (den hygroskopiska resp. 
kapillira effekten), formagan att binda gaser (BET-analys) samt fér- 
magan att binda katjoner resp. anjoner (de utbyteskapacitira egen- 
skaperna). Vid alla dessa adsorptionsprocesser intraffar en viss, av de 
yttre villkoren bestiémd energiomsattning, vilken kan anvandas som 
ett analytiskt karaktaristikum pa reaktionen ifraga. Fér en spontan 
reaktion, d. v. s. en reaktion som forléper irreversibelt mot ett bestamt 


slutvarde, visar sig energiomsittningen i en endoterm eller exoterm 
* Foredrag vid Svenska féreningens fér lerforskning sammantriide i Uppsala den 
16 maj 1956. ; 
* Inst. f. markliéra, Kungl. Lantbrukshégskolan, Uppsala. 
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varmetoning, da nagot tryck-volym arbete inte utrattas. Vid jonbytes- 
processer har denna reaktionskinetik uppmarksammats av bl. a. Mar- 
shall och medarb. (1953); dock har nagra mer omfattande undersok- 
ningar annu inte publicerats. 

For den spontana adsorptionen avy vatten till en yta, som icke redan 
ar mattad med vattenmolekyler, visar sig denna energiomsattning i en 
exoterm vdrmetoning, som man brukar kalla bevatningsvarme, eller 
mer korrekt uttryckt det integrala bevatningsvarmet. I internationell 
ltteratur gar denna varmetoning under benémningarna Benetzungs- 
wirme, heat of wetting, heat of swelling, heat of sorption eller heat of 
immersion. Den sista benimningen ar kanske mest adekvat dai man 
dirigenom icke sprakligt latit vérmereaktionen vara knuten till den 
ena eller andra fysikaliska processen, vilken ofta kan vara svar att 
analytiskt precisera. — Overensstammelsen mellan egna och andras 
undersdkningar avy bevadtningsvirmet pa kolloider ay saval minerogen 
som organogen natur, gér det troligt att den momentana varmereak- 
tionen (bevatning) ar helt avgdrande for de uppmatta vardena. Den 
dynamiska metod, som ligger till grund fér mina egna i denna uppsats. 
refererade undersokningar, medger nimligen endast berikningar av den. 
momentana bevatningsenergin, ej] den langsamt férlopande utveck- 
ingen av svallningsvarme. 

Férutom det integrala bevatningsvarmet anvandes aven termen 
differentiala bevatningsvarmet. Lat oss utga fran ett torrt jordprov 
for en diskussion av de bada begreppens fysikaliska innebord. Satter 
i till en liten mangd vatten till ett torrt jordprov, sa uppstar en viss 
armetoning dQ, vid nasta likstora vattentillsats sker en nagot mindre 
aérmetoning o. 8. v. anda tills provet ar fullt vattenmattat och varme- 
oningen da har sitt absoluta 0-virde. (Den kapillara fasen av syste- 
ets mattning med vatten ger praktiskt taget inga matbara varden 
4 viirmetoningens storlek. Detta forhallande ligger till grund for det 
vy Mitscherlich gjorda pastaendet att bevatningsvérmet dr noll for 
tt prov vars vattenhalt motsvarar hygroskopiciteten éver 10 % sva- 
elsyra. ) Vid en engangstillsats av vatten i 6verskott léper dessa steg- 
a reaktioner ut kontinuerligt och momentant och det experimentella 
Atresultatet innefattar sdledes en successiv summering, m. a. 0. 
et integrala bevatningsvarmet. Detta kan vi symboliskt teckna 


v= max 


Q =| fQae 


“ 
w=a 


. v. 8. summeringen sker mellan de vattenhaltsgranser provet har fore 
efter bestamningen (w = a resp. w = full vattenmattnad). Experi- 
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mentella bestamningar ger saledes alltid det integrala bevatningsvarmet, 
som anges i gkal eller erg per gram jord. Genom att variera 
provets ursprungliga vattenhalt i férhallande till en konventionellt 
inford 0-grins kan vi fa fram det kontinuerliga sambandet mellan 
integralt bevadtningsviérme och vattenhalt (bevaétningsvérmekurvan), 
men ocksa differensen vid tva olika vattenhalter, n och m. Om denna 
differens sattes i relation till skillnaden i vattenhalt (m —n), och om 
man vidare infor infinitisimala storheter ger kvoten det differentiala 
bevatningsvarmet vid vattenhalten n = m. Den uttryckes i gkal eller 
erg per gram vatten och kan definieras som den varmeutveck- 
ling som sker da 1 gram -vatten tillsittes en sa stor jordmangd att 
dess vattenhalt praktiskt taget forblir konstant. Darmed inses latt 
oméjligheten av dess experimentella bestémning. Den kan diremot 
beréknas ur bevatningsvirmekurvan genom analytisk eller grafisk 
differentiering (fig. 4). 

Det differentiala bevatningsvarmet eller reaktionsvéarmet per gram 
vatten ar liktydigt med dndringen 1 specifika varmeinnehallet (and- 
ringen i entalpi) och det ar med denna bakgrund som det differentiala 
bevatningsvarmet skall anvandas fér beraikning av orienterings- 
entropin fér det vatten som adsorberas pa kolloidytan. Fér att genom- 
fora en sadan analys maste man dven kanna till forandringen i syste- 
mets fria energi. Denna beraiknar vi ur provets adsorptionsisoterm 
over vattenanga. 


Om-metodik for matning ay 


bevatningsvarmet 


For matningar av det fysikaliskt betingade reaktionsviirmet anvandes 
nagon form av kalorimeter. Mitscherlich (1901) har anvant Bunsens 
iskalorimeter for sina enastaende noggranna matningar av beviit- 
ningsvarmekurvans form fér olika jordar. Senare undersdkningar 
baseras naéstan undantagslést pa adiabatiska blandkalorimetrar. Dessa 
metoder ar statiska d. v. s. de bygger pa en bestiimning av differensen 
mellan begynnelsetemperaturen och en efter viss tid uppnadd slut- 
temperatur, eventuellt med inforande av korrektioner fdr kalorime- 
terns egenvandring. Blandkalorimetrar far alltid stort varmevirde 
vilket medfor att man maste anvinda relativt stora jordmangder fér 
att uppna en med tillracklig noggrannhet avlasbar temperaturdifferens. | 

Den nya metodik som utarbetats fér mitningar av bevatningsvarmet | 
ar diremot dynamisk i det att den bygger p& en manuell eller auto- 
matisk registrering av det kontinuerliga avsvalningsférloppet hos en 
mycket liten metallkalorimeter. 
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Fig. la. Principskiss av mikrokalorimetern. De viktigaste delarna ar silverkalorime- 
tern (f), de 8—10 st. seriekopplade termoelementen (d) samt provhallaren (i). 


(om c 
Fig. 1b. Apparatens utseende ansluten till shunt (for val ay maitomrade) samt mat- 
instrument for termospanningen. 
Fig. 1 c. Detalj av termoelement, kalorimeter och provhallare. 


Om detta varmeutbyte far ske under vissa givna betingelser kan 
man harleda féljande samband mellan tiden (¢) respektive temperatur- 
differensen (AT) mellan kalorimetern och det omgivande, temperatur- 
konstanta mediet. 

log AT = log AT, — at 

Det visar sig nu att mitviardena for den experimentella anordning 
som ar avbildad i fig. 1 helt anpassar sig till ovanstaende uttryck, 
varfor man genom grafisk extrapolering kan finna vardet AT). Detta 
utgér namligen den maximala temperaturstegring, som reaktionen kan 
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ge upphov till for den isotermt uppvarmda kalorimetern. AT, ligger 
till grund for berikningar av bevatningsvarmets storlek. — Da metoden 
finnes utférligt beskriven i Lantbrukshégskolans Annaler (Odén 1955) 
vill jag har inskranka mig till att ge nagra tekniska data. 


Kalorimeterns effektiva volym .................- 1,4 ml 
» WATTHOVATAG cou. Jus ee ee 0,100 gkal/grad 
Mangd vatten som anvaéndes ..................-- 0,9—1,0 ml 
» jord » PA Bid. we eee ae. OE 0,02—0,8 gram 
Kaneslipherpn tempera tur r sci: Soak ae ee ca 2°10-* grader 
» ) varmemangds 62... <i... way eee ca 3°10 gkal 
Retativawmoedelfelet) 2.250520 Uk: ee Pee ca 0,5 4%, 


Det fortsatta metodiska arbetet pa detta omrade har inriktats pa 
att utnyttja den av Eriksson (1952) for differentialtermisk analys 
deducerade relationen mellan reaktionsvarme och ytan under en viss 
DTA-pik. Fér matningar av reaktionsvarmet vid bevatning (och/eller 
svallning) ordnar man darfér sa att den utvecklade varmen fran en 
centralt beligen reaktionskammare avledes radiellt genom en varme- 
tekniskt homogen cylinder 1 vilken ett stort antal differentialt. anord- 
nade termoelement ar placerade. Hela varmestrommen maste passera 
termoelementen varvid denna kan registreras som en reaktionspik av 
ett skrivande instrument. Denna i princip skisserade anordning har 
manga fordelar utdver gingse typer av kalorimetrar. Da man endast 
mater varmeflodets storlek bortfaller nddvandigheten ay att bestamma 
kalorimeterns varmevarde, den mingd vatten som anvandes eller 
jordens specifika vairme. Det sistniimnda ar sirskilt betydelsefullt 
eftersom specifika varmet varierar med den mineralogiska och organo- 
gena sammansdttningen. Kn nyligen publicerad undersékning (Hear- 
mon och medarb. 1955) har dessutom visat att virmekapaciteten fér 
en blandning av torrt prov + vatten icke med noggrannhet kan berik- 
nas ur blandningens sammansittning och virdet av respektive specifika 
varmen. 


Om bevatningsvarmets korrelativa karaktiar 


Ett materials formaga till aktiv adsorption i de inledningsvis anférda 
hanseendena sammanhanger dels med provets specifika yta dels med 
specifika aktiviteten hos denna. Den senare uppfattas nu allmant som 
orsakad av ytans strukturella byggnad samt omfattningen och laget av 
jonsubstitutionerna i gittret. Dissociationsférhallandena paverkar aven 
ytans specifika aktivitet. Vid bedémning av en ytas aktivitet som en 
foljd av den vid adsorptionen omsatta energin, maste man dessutom 
taga hansyn till den specifika adsorptionsenergin for ytreaktionen 
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ifraga. Vid beviatning ar denna liktydig med det differentiala beviit- 
ningsvarmet d. v. s. en storhet som avtar med ékande adsorptionsskikt. 
Vid jonbyteskinetik ar den specifika adsorptionsenergin approximativt 
hka med andringen i standard fri energi for de omsatta jonerna (Mar- 
shall och medarb. 1953). 


Tabell 1 


Integrala bevitningsvarmet for olika fraktioner av jordar och rena mineral, 
gkal/g material. 


Bevatningsvarme, gkal/g 


<5 p 5—20 p | 20—350 pw 

BOGEN piitie. 2.0). dks clos osc aees 5,8 a 2,51 
ES ale ae ene 2,30 0,85 0,35 
SUD alate ae Se A 2,10 0,16 0,0 
SRNRPTIE Ie oar Se Sie c Salas,» > PRS So Ls 0.0 0,0 
Gudhammar, 1,2— 2 yp. 4,78 Uddeholm, 1—2 p......... 0,89 

» »>2 —6yz. 1,41 » A ae AT Bee 0,50 

» , 6 —20 yp. 0,8 » Al pe sdy Thi aia ae 0,32 


1 Efter Kapp (1930). 


Emedan det differentiala bevatningsviarmet (se tabell 3) ar nastan 
oberoende av provets minerogena eller organogena sammansattning 
under givna torkbetingelser ar det helt naturligt att en stark korrelation 
bor féreligga mellan bevatningsvirmet och exempelvis hygroskopicite- 
ten, utbyteskapaciteten eller graden av basisk fargadsorption. Samban- 
det mellan bevatningsvarmet och nagon mekanisk parameter av ytan 
(lerprocent, sedimentologiska eller elektronoptiska ytberékningar) bér 
diremot bli simre. Detta sammanhanger dels med att sadana berak- 
ningar lamnar ytans specifika aktivitet utan avseende, dels utesluter 
aktiviteten hos inre ytor, som férekommer hos vissa mineral. De 1 
tabell 1 Atergivna siffrorna ger ju beligg for detta. Vardena for frak- 
tionen mindre an 5 yw beror framst pa fordelningen inom denna grupp 
ch de ar saledes icke signifikativa for mineralen ifraga. Kvarts har 
sxempelvis ett allt fér hogt bevétningsvirme. En jamfoérelse mellan 
slika mineral eller mellan fraktioner fran olika jordomraden blir dar- 
mot »raittvisande», om tva bestimda klassgrinser inféres. Enligt vad 
man skulle vinta ger nu kvartsen inget bevdtningsvérme, hornblinde 
ch biotit diaremot héga varden. Fraktionerna fran Gudhammar har 
tt mycket hogt bevatningsvérme till skillnad fran materialet fran 
Jddeholm (mjilaprofil med gley) och detta later formoda en skillnad 


-mineralogisk sammansittning. 
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Bevatningsvarme 
gkal/g jord 


Aly 
o Aly med >1% humus 
+ Matjord 


0 20 40 60 80 % ler 


Fig. 2. Sambandet mellan bevatningsviirme och lerhalt for ca 70 prover fran Gudham- 
mars egendom i Vastergétland. Regressionslinjen avser endast »humusfriay alvjordar. 


Trots dessa forhallanden far man en relativt god korrelation mellan 
bevatningsvarmet fdr ett prov och motsvarande lerprocent (< 2m), 
sirskilt om jordarna ar tagna inom ett mineralogiskt homogent om- 
rade. Det i fig. 2 atergivna sambandet hiarrér fran ca 70 jordar, som 
tagits pa Gudhammars egendom i Viastergétland och som i texturellt 
hanseende undersékts av laborator Collini.t Spridningen av punkterna 
far i detta fall frimst tillskrivas olikhet 1 mekanisk sammansattning 
inom lerfraktionen < 2 ~ samt skillnader i humushalt men aven skill- 
nader i de adsorberade jonernas art kan ha haft en viss inverkan (se 
tabell 2). Proverna fran matjorden respektive alvproverna med > 1 % 
humus grupperar sig huvudsakligen ovanfér regressionslinjen vilket 
beror pa det organiska materialets hoga aktivitet. Det framgar vidare 
av regressionslinjen, som endast hianfor sig till de »humusfria» aly- 
jordarna, att bevatningsvirmet ar ca 7,5 gkal per gram ler (< 2 mu) 
och att fraktionen > 2 ger ca 1 gkal/g. Den senare siffran utgér 
approximativt det vagda medeltalet for de i tabell 1 angivna vardena 
for de separata fraktionerna. 

Janert (1931, 1934) har i sina undersdkningar fast sarskilt avseende 
vid det samband som rader mellan bevitningsviarme och utbytes- 
kapacitet samt den inverkan, som de adsorberade. katjonernas art har, 
pa bevaétningsviérmets storlek. Han utgar fran det antagandet att 
virmetoningen helt beror pa jonernas hydrationsvarme och da denna 
ar kand for de olika katjonerna vid oandlig utspaidning (= integrala 
hydratationsvarmet) bor varmetoningen kunna beriknas ur utbytes- 
kapaciteten. Detta synes ocksa vara méjligt om man infér en empiriskt 


‘ Ej publicerad undersékning. Lerhalten har bestimts enligt Bouyoucos hydro- 
metermetod sedan proven dispergerats med natriumpyrofosfat. 
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Bevatningsvarme 


gkal/g jord 


0 10 20 30 40 Utbyteskapacitet 
me/100 g jord 


Fig. 3. Regressionslinjer fran olika undersdkningar éver sambandet mellan bevatnings- 
varme och utbyteskapacitet. Det experimentella materialet hanfdr sig till mellansvenska 
jordar. 


bestamd kvot for respektive katjonart. Janerts berikningar ar dock i 
och for sig icke nagot kriterium pa vare sig jonernas hydratation eller 
bevétningsvarmets natur. Bade varmetoningen och utbyteskapaciteten 
kan lika val anses orsakade av »the electrical force field» (Edlefsen och 
Anderson 1943) och dairmed ar ju ocksa samvariationen mellan stor- 
heterna given. Skulle detta vara fallet bor uppbyggandet av det Goy- 
Sternska dubbelskiktet visa sig i en endoterm bevatningseffekt d. v. s. 
en positiv entropifordndring och enligt de nedan atergivna undersék- 
ningarna har en sadan ocksa kunnat konstateras. 

Fig. 3 aterger tre regressionslinjer for ifragavarande samband. Janerts 
material har omfattat vitt skilda jordarter och jordtyper fran olika 
delar av varlden men korrelationen har trots detta varit mycket god. 
Utbyteskapaciteten har bestémts enligt Schofields dikaliumfosfat- 
metod och 1 gkal har darvid kommit att motsvara en kapacitet av 
4,2 me/100 g. Mina undersokningar, som utférts pa ett antal mellan- 
svenska jordar och som ingar i agronom Lotses regionala jordmans- 
studier, har givit ett nagot hdgre varde pa denna relation (4,8 me/100 g). 
Detta sammanhanger med att utbyteskapaciteten dr bestaémd enligt 
Mehlichs bariummetod vid pH 8,0, vilket ger nagot hégre varden pa 
kapaciteten dn hittills anvanda metoder. Rosenqvists regressionskoeffi- 
cient slutligen (10 me/100 g) avviker mycket fran 6vriga publicerade 


data, vilket knappast kan tolkas pa annat satt an att den radioaktiva 


hula 
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Ca-metod, som anvants, givit for héga vérden pa utbyteskapaciteten. 
Man kan ju tanka sig en isotop substitution av gitterbundet Ca hos 
lermineral, kalcit eller gips som orsak till denna avvikelse. 


Tabell 2 


Relativa bevitningsvarmet for jordar mattade med olika katjoner. 


Ca-jord = 100. 


Integr. 

Jonslag bevait- 

Forfattare nings- 

LEI 

Ca | Mg | H | Na | K gkal/g 

BAvER, LOZ. «ente 100 104 | 91 71 | 59 | 3—8 
JANERT, 193470... 4. 100 100 85 76 59 6—11 
PAT L925 were I 100 100 83 74 56 6—11 

» ertsenencn II 100 91 83 95 88 <2 

RoSENQVIST, 1955... 100 | 97 — 100 87 <2 


De i tabell 2 anforda siffrorna visar att bevaétningsvarmet i viss man 
beror pa de adsorberade katjonernas art. Ca och Mg ar i detta han- 
seende likvirda medan diremot H, Na och K ger upphov till lagre 
varmetoning. Da de naturliga jordarnas katjonsviarm till 6verviagande 
del bestar av Ca och Mg har nagon korrektion for envarda adsorberade 
katjoner icke foretagits pa materialet i figur 3, vilket delvis kan for- 
klara den uppkomna spridningen. Den Na-mittade jorden faller helt 
naturligt utanfor punktsviérmen men inordnas i denna om man anvan- 
der den av Janert funna relationen mellan Na- och Ca-mattad jord. 

Utover har anforda och med eget material belysta samband har 
Pate (1925) liksom Anderson och Mattson (1926) visat att bevatnings- 
varmet kan korreleras med kvoten R,O,/SiO, samt graden av adsorp- 
tion av ammoniak eller basiska fargimnen. Ett antal forskare har vidare 
behandlat sambandet mellan bevétningsvérmet och materialets hygro- 
skopicitet. Da speciellt denna fraga senare kommer att tagas upp till 
mer detaljerad behandling lamnar jag den utan diskussion i detta 
sammanhang. 


Om det integrala och differentiala 
bevatningsvarmet 


I anslutning till Rodewald och Katteins savil experimentella som 
teoretiska studier av »svallningsvarmet» hos stirkelse har Mitscherlich 
utfort synnerligen noggranna mitningar av bevatningsvirmets bero- 
ende av den vattenhalt provet har, da reaktionen utféres. Ju stérre 
vattenhalten ar vid detta tillfalle desto mindre blir givetvis den energi, 
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Bevatningsvarme 


gkal/g jord 


dQ 
dw 9 =108 gkal/g vatten 


=>} 0 +2 +4 +6 +8 +10 Vattenhalt 
vikts~%o 


Fig. 4. Typiska bevatningsvirmekurvor enl. Mitscherlich (1 och 4) och Janert (2). 
3 ar en humusrik mellanlera fran Sunnersta. Negativa varden pa vattenhalten anger 
viktsforlust vid ytterligare torkning utdéver 105° C. 


som kan utvinnas under bevétningsprocessen och mitningarna ger 
ocksa en kontinuerligt fallande funktion, bevatningsvarmekurvan 
(fig. 4). Teoretiskt sett kan denna givetvis vara uppbyged av ett stort 
antal diskontinuerliga steg orsakade avy den stegvisa hydratationen 
hos expanderande gitter. Bevatningsvarmekurvan for jordar dr dock 
utan diskontinuiteter och kan t. 0. m. anpassas till en exponentiell 
funktion av formen 


Qias 10 y de lee ets A. ic (1) 


dar Q och Q, ar integrala bevatningsvarmet vid vattenhalten w resp. w, 
(0 enl. konvention) och dar 7 och c ar tva, av materialet bestaémda kon- 
stanter. Mitscherlich har beraknat vardet av dessa konstanter for ett 
antal jordar och har darvid funnit, att produkten c(Q, + 1) ar praktiskt 
taget konstant. Detta har ett siarskilt intresse eftersom vardet av denna 
produkt representerar det differentiala bevatningsvaérmet (7) vid den 


a * 
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konventionellt inférda vattenhalten 0. Vi far némligen genom deri- 
vering av Y med avseende pa w att 


dQ ror 3 
a ee (Og 42 er” ono es Cae oer (2) 
eller ee Oe as Se Raha ee eee (3) 


Da w= 0 blir darfor ¢ = q. 

Ekvationen anger att q avtar med dkande vattenhalt, vilket innebir 
att det forst adsorberade vattnet ar hardast bundet och saledes ger 
den hégsta varmetoningen vid spontan adsorption. Da man pa goda 
grunder kan anta (och dven siffermassigt ge beligg for) att det bundna 
vattnet har nagon form av kristallin orientering, kan bevatnings- 
varmets natur atminstone delvis forklaras som en transformation av 
kinetisk energi. 


Konstanten ¢ eller rattare sagt 2 ar ett relativt uttryck for specifika 


ytan och dennas aktivitet. Bortsett fran optiska eller elektronoptiska 
metoder ar ju ytberikningar, som baseras pa ett provs adsorptions- 
isoterm eller liknande metoder, alltid beroende pa produkten av dessa 
bada storheter. C beraknas enklast genom grafisk derivering av ekv. 1 
och inférande av vardena i ett semi-logaritmiskt diagram. Lutnings- 
koefficienten for den si uppkomna rita linjen dr lika med ¢ och den 
rata linjen representerar 1 sig sjélv entalpins beroende av provets vat- 
tenhalt. Da aven denna ar en kontinuerlig funktion (fig. 6 a) har man 
svart att acceptera uppfattningen att adsorptionen forst sker som ett 
monomolekylart skikt successivt palagrad av allt flera molekylskikt. 
Ktt sadant forhallande skulle ovillkorligen leda till en diskontinuerlig 
bevatningsvérmekurva emedan man kan utga ifran att den specifika 
adsorptionsenergin ar konstant for molekylskikt av samma ordningstal. 
Det ar darfor troligare att adsorptionen av vattendipoler punktvis kon- 
centreras kring de stillen pa gitterytan dir elektronneutralitet ej 
foreligger. Dessa uppstar ju som en féljd av substitution i silikatmine- 
ralen och allteftersom substitutionen foreligger i tetraederskikten 
(Si Al) eller oktaederskikten (Al— Mg) blir den elektriska falt- 
styrkan olika och dirmed ocksa adsorptionen av vatten. En samman- 
hangande ytfilm skulle saledes enligt den har framférda uppfattningen 
utbildas férst vid relativt héga vattenhalter. 


I tabell 3 har sammanstillts olika varden pa det differentiala bevat- 
ningsvérmet vid »vattenhalten 0». Berakningarna av q, fran Rode- 
walds experimentella data (6 starkelsesorter) avviker icke fran de 
varden, som framkommer av Mitscherlichs undersdkningar eller 6vriga 
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Tabell 3 


Differentiala bevdtningsvdrmet fér olika material vid vattenhalten 0. 


Bevatningsvarme 


Qo % Material 
gkal/g gkal/g 
jord vatten 
RODEWALD: «2.07. sis 5s 65 28—33 230—292 Starkelse 
MITSCHERLICH ....... 0,8—23 233—304 mkt. st. leror—torvjordar 
WANTIRD 15 8s cd were oe 11,5 256 ? 
7! oe 4,1 247 Gudhammar, alv 
STeg ties: SSS 8,5 255 a ; 
Su eee. ee ase |Sunnersta, 0O—10 cm, under- 
ae ae Dia | flsarade av glacial lv 
U O/10 ........... 8,1 259 (Ullevi, mj. resp. alv (dung- 
06 a 5,0 238 fjord fr. Ostergétland) 


i tabellen redovisade bestamningar. Skillnaden mellan ytterlighets- 
vardena uppgar visserligen till ca 70 gkal/g vatten, men denna sprid- 
ning 4r troligen frimst orsakad av svarigheterna att halla torkbetingel- 
serna for Q, konstanta, ej 1 skillnader betingade av ytans aktivitet. 
Det differentiala bevatningsvarmet for de olika starkelsesorterna borde 
i sa fall variera betydligt mindre eftersom Q, adr praktiskt taget kon- 
stant for dessa. Ett forsdk till tolkning av den synbart regelmissiga 
fordndringen av q,-vardena fér Sunnersta-jordarna far ansta, tills 
ytterligare material foreligger. Ett visst samband med humushalten 
tycks namligen féreligga for dessa jordar. 

Den endoterma reaktion, som ofta framkommer inom lagtempera- 
turomradet vid differentialtermisk analys som en féljd av dehydratise- 
ring har givetvis sin exoterma motsvarighet 1 bevatningsvarmekurvan 
(fig. 5). Denna har namligen ett maximum vid ca 150° C saframt virme- 
oningen beror pa en rent fysikalisk adsorption. Ett ytterligare maxi- 
mum kan namligen intraffa vid hégre torktemperatur men dr da en 
foljd av kemiskt reaktionsvérme (exempelvis hydroxylering av oxider). 
4 ligger detta andra maximum, for attapulgit och illit vid 550° C 
medan diremot kaolin och montmorillonit saknar ett sadant (Par- 
melee och Frechette 1942). Kapp (1930) har visat att limonit ger ett 
sekundairt maximum vid 308° C medan diéremot kolloider, som separe- 
ats fran olika jordar, givit sjunkande varden pa bevadtningsviérmet 
med stigande upphettningstemperatur. Hosch (1937) redovisar dar- 
emot en mycket stark stegring av bevatningsvérmet for kolloider 
apphettade till 340—400° C (upp till 60 gkal/g), matvarden, som ar av 
on storleksordning som annu aldrig uppmatts i andra sammanhang. 
Man stiller sig darfér tvekande till dessa resultat. . 
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Bevatningsvarme 


gkal/g jord 


Temp.°C 800° 700° 600° 500° 400° 300° 200° 100° 


Fig. 5. Kurvorna aterger variationen i bevatningsvarmet for prover upphettade 
till olika temperatur. 


Sambandet bevadtningsvarme—torktemperatur—dehydratisering har 
undersékts fér 9 jordar av olika sammansiéttning utan att det 
egentligen framkommit andra karaktiristiska drag in vad som beror 
pa mangden humus och dess pyrogena oxidation (fig. 4 & 5). Vid 
positiva vattenhalter i férhallande till det godtyckliga 0-vardet (tork- 
ning vid 105° C) ar bevatningsvarmekurvan matematiskt formulerbar 
enligt ekvation 1 och vi far ett maximum 1 beviitningsvaérme vid ca 
140° C. Vid hogre torktemperaturer sjunker virmetoningen som en 
féljd av ytans inaktivering och detta férlopp blir huvudsakligen bero- 
ende pa humussubstansens mangd och sammansiattning. Vid 550— 
600° C raknar man med att det organiska materialet skall vara bort- 
oxiderat, vilket ocksa framgar av fig. 5, emedan jordarna Su 1—Su 3 
praktiskt taget sammanfalla fran denna temperatur. Matjorden fran 
Ullevi (U 0/10) ar den enda av de hittills undersékta jordarna som 
givit ett sekundirt maximum vid ca 300° C. Effekten sammanhanger 
troligtvis med kvalitativa skillnader hos humussubstanserna. Redan 
Mitscherlich visade att val formultnad humus gav ett hégre bevat- 
ningsvirme (47 gkal/g) an daligt formultnad humus (34 gkal/g) och 
man har dirfér anledning formoda att virmetoningens storlek och dess 
fordndringar under olika betingelser analytiskt bor kunna utnyttjas 
inom humusforskningen. Gisiger (1934) anger exempelvis att humus 
fran matjorden ger ca 60 gkal/g och fran alven ca 110 gkal/g, egna 
undersdkningar har varierat mellan 23—104 gkal/g humus. Siffrorna 


ar ett uttryck for kvalitativa forandringar hos jordens organogena 
komponenter. 
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Om det adsorberade vattnets natur 


Inom lerforskningen nedligges ett stort intresse pa undersékningar 
av systemet ler—vatten och man ar allmant av den uppfattningen att 
det adsorberade vattnet har nagon form av regelmassig uppbyggnad. 
Problemet har angripits fran olika utgangspunkter och undersék- 
ningarna har utmynnat i den uppfattningen att det bundna vattnet 
foreligger i tetragonala eller oktaedriska forband. Det ar endast i fraga 
om orsakssammanhanget, som Asikterna ar delade. Da Grim (1953) 
har givit en utmarkt dversikt pa detta omrade vill jag i detta sam- 
manhang inskranka mig till att visa hur man kan beradkna det bundna 
vattnets orienteringsentropi, d. v. s. ett uttryck fér den energiomsitt- 
ning (= 7'As) som Ar en féljd av att vattnet orienteras pa den aktiva 
ytan under samtidig forlust av kinetisk energi (Robins 1952). For en 
sadan berékning maste vi experimentellt faststalla dels andringen 1 
vattnets fria energi (4/) dels andringen i specifikt vaérmeinnehall (Ah) 
vid infinitisimala vattenkvantiteter. Relationen mellan dessa och 
systemets entropiféraéndring anges av Gibbs formel 


Af = Ah —TAs 


Andringen i fri energi fér vatten, som bindes vid en aktiv yta, ar 
alltid negativ och den beraknas enligt relationen 


RT 100 
—Af= Wa In ?P 
da man kanner det angtryck som star i jamvikt med systemet. P dir 
relativa fuktigheten och Af ar angivet i erg/g vatten. Bestimmer man 
saledes adsorptionsisotermen 6ver vattenanga (i vilken de hygro- 
skopiska koefficienterna ingér) kan man rakna om denna till ett kon- 
tinuerligt samband mellan fri energi eller »bindningsenergiy och vatten- 
halt. I ett semi-logaritmiskt diagram ger matningarna upphov till 
kurvan »A/» i fig. 6. Denna ar vanligtvis en rat linje dver ett eller méj- 
ligen tva potensintervall (10*—10" erg) vilket underlattar utjamningen 
av de experimentella felen. 

Andringen i specifikt varmeinnehall ar for berérda reaktion lik- 
bydig med det differentiala bevatningsvarmet. Som tidigare om- 
namnts kan denna icke bestémmas experimentellt utan det kon- 
inuerliga sambandet mellan Ah och vattenhalt beriknas ur bevit- 
lingsviarmekurvan. For utjémning av de beraknade vardena har 
wnvints eky. 3, vilken aven den ger en rat linje i ett semilogaritmiskt 
liagram (den rata linjen med beteckningen 4h i fig. 6). Ah ar enligt 
ermodynamisk konvention negativ om virme frigéres fran systemet, 


36—563060. G.F.F. 1956. 
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Vattenhalt Vattenhalt 


0 ——40 —=80 TAs —109 Afresp.>~Ah —1010 erg/g v. 
gkal/g Vv. 


Fig. 6. a) Utjimnade samband mellan vattenhalten och det adsorberade vattnets fria 
energi, Af, resp. bevitningsreaktionens entalpi, 4h. b) Fran diagram a) beriknade 
varden pa vattnets entropiférandringar, ds (eg. T As). 


ett forhallande som giller vid bevatningsreaktionen. Som framgar ay 
figuren beriknas TAs som differensen mellan de tva kurvorna, kurvor 
som tillkommit endast for att utjimna uppmiatta eller beraiknade varden. 
Tecknet pa entropin (As) ar beroende av den inbordes storleksord- 
ningen mellan Af och Ah. Negativa varden pa As innebar att systemets 
ordning eller orientering blivit stérre an tidigare. Sa ar ocksa fallet, 
vilket framgar av fig. 6 och 7 varvid 7'As angivits i gkal/g vatten. 

Helt i anslutning till vad man kan vinta blir den frigjorda oriente- 
ringsenergin mindre ju stérre vattenhalt provet har, d. v. s. vatten- 
molekylernas orientering under inflytande av partikelytans elektriska 
falt blir simre ju langre ut fran ytan, som molekylerna befinner sig. 
Omvant dkar orienteringsenergin vid fallande vattenhalt, en ékning 
som icke kan paga in absurdum utan maste begriansas av ett definitivt 
slutvarde. Fran kurvorna i fig. 7 kan detta icke utlisas darfor att en 
positiv entropieffekt summeras till den tidigare negativa varfor den 
jamnt stigande kurvan TAs avbéjes vid en vattenhalt pa 1,5—3 % 
och gar mot 0 eller rent av positiva virden. Det senare intraffar nar 
Ah numeriskt ar < Af. 

Antar vi att det adsorberade och fullstaéndigt orienterade vattnet 
har en med is 6verensstiimmande konfiguration maste orienterings- 
energin vara lika med isens smaltviirme, 80 gkal/g, plus forlusten av 
kinetisk energi fran 20° C da matningarna utférts till 0° ©, saledes 
totalt ca 100 gkal/g vatten. En extrapolering avy T'As-kurvorna mot 
—100 forefaller i samtliga fall att vara berattigad (streckad kurvgren) 
men det skall har understrykas att det inte ar méjligt att bestamma 
slutvirdet for vattnets orienteringsenergi. 


En positiv entropieffekt innebar att en viss energimingd férbrukats 


Bd 78. H. 3] SVENSKA FORENINGEN FOR LERFORSKNING 551 


Vattenhalt Vattenhalt Vattenhalt 
Suis, Oo =4:5 
fe) 
\ 
4 0s Robins soil 53, 
\ Qo= 3.3 


+7200, 40 —80 TAs 
gkal/g vatter. 
Fig. 7. T As-funktionen fér nagra jordar med varierande varden pa beviatningsvarmet 
vid vattenhalten 0 (= Q,). Soil 53 aterges i bearbetat skick. 


under bevatningsprocessen. Vi kan namligen uttrycka Gibbs formel 
sa att Af eller »the maximum useful work» ar den vantade energiom- 
sdttningen, Ah ar den verkligen funna och 7'As en positiv (endoterm) 
eller negativ (exoterm) ovantad energiomsattning. Utgar vi fran den 
gjorda extrapoleringen sa framkommer den med pil markerade ovin- 
tade endoterma effekten och dess beroende av vattenhalten. Ef- 
fekten blir stérst nar vattenhalten gar mot det konventionellt inforda 
Q-vardet. Man kan tyvarr icke ge ett entydigt svar pa varav denna 
effekt orsakas, utan har skall endast anges nagra alternativa forkla- 
ringar. Positiva entropivarden kan exempelvis orsakas av »an increase 
of randomness» som fér denna reaktion kan tolkas sa att antalet vatten- 
molekyler per ytenhet blir sa lagt att orienteringen i ett kristallgitter 
forsvaras. Det fordras ju ett visst minsta antal for att en kristall skall 
bildas. Man kan vidare tainka sig att de adsorberade katjonerna stor 
orienteringen av vattenmolekylerna antingen genom sin termiska 
rorelse eller darfor att de icke kunna inpassas i gitterstrukturen (Fors- 
lind 1950). I enlighet med resultaten skall denna inverkan bli allt mer 
markerad ju ligre vattenhalten ar. Men vi har ocksa en direkt energi- 
kravande process, som intraiffar vid bevdtning av jord, nimligen upp- 
byggandet av det elektriska dubbelskiktet. Darvid fordras energi dels 
for att dka katjonernas termiska roérelse dels for att flytta dessa ut 
fran partikelytan mot den elektriska gradienten. Det sista alternativet 
forefaller att ge den troligaste forklaringen till varfor 7 As-funktionen 
dr sammansatt av saval en negativ som en positiv komponent. 

De olika avsnitten i denna uppsats kommer att successivt publi- 
ceras i Lantbrukshégskolans Annaler under samlingstiteln »Heat of 


wetting of soils». 
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Om oxalatmetoder och deras anvandning 
vid markstudier 


Av 


ELISABETH ANDERSSON? 


Abstract: The paper presents a short description of the acid oxalate method of O. 
Tamm and the application of this method to different soils. The results are discussed in 
connection with analysis of one podzolic profile and two profiles of gyttja soils. It has 
been observed that the results are influenced by the moisture content of samples being 
analysed and the kind of organic matter, which combines the precipitated gel-complex 
in the soil. Finally an application of the neutral oxalate method for the extraction of 
soil humates is also discussed in brief. 


1 te vid Svenska foreningens for lerforskning sammantraide i Ultuna den 16 
maj 1956. 


* Inst. for marklira, Kungl. Lantbrukshégskolan, Uppsala. 
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Nar man talar om oxalatmetoder, som anvandas i markundersék- 
ningar, tinker man naturligtvis férst pa den sura oxalatmetoden, 
vilken utarbetades av O. Tamm och dven uppkallats efter honom. 
Den baseras pa oxalsyrans formaga att bilda komplexsalter med Fe, 
Al och andra komponenter av gelkomplex, varigenom det. utfillda 
komplexet dispergeras (dverféras i ldsligt tillstand). 

Man anvander ett flertal olika sura oxalatlésningar som extraktions- 
medel och lésningarnas acciditet avpassas genom att pa lampligt satt 
blanda neutral ammoniumoxalat med fri oxalsyra. Den suraste lés- 
ningen (lésn. A) har pH 3,25 och har en hégre halt av anjonen HCO; 
vilken ar sarskilt aktiv vid bildning av komplexsalter. Losningen bér 
emellertid inte anvandas for fintexturella jordar, emedan den har en 
viss formaga att upplosa lermineralen pa grund av sin hdga koncentra- 
tion av vatejoner. Fér Jerjordar rekommenderas andra lésningar (B 
och C) med lagre vitejonkoncentration med pH 3,9 resp. 4,14. De inne- 
halla emellertid mindre mingd av den aktiva jonen HC,O,. For att 
ersitta denna forlust bér man anvanda stérre mangder av extraktions- 
lésningen. 

Det som gar i lésning da den sura oxalatmetoden anvandes ar 
huvudsakligen Fe, Al, mindre mangder gelbundet SiO,, P,O;, Ti och 
Mn samt ibland betydliga mangder av humus. Tamm (1932) anger i 
sin beskrivning av metoden, att den passar sarskilt for undersékningar 
av jordkolloidernas vandring och utfallning. Darfér kan denna metod 
betraktas som sarskilt lamplig vid studier av podsolerade jordar, i 
vilka jordkolloidernas vandring och utfallning ar sarskilt utpraglad. 
Dar far man vanligen mycket karaktdristiska resultat. Nedanstaende 
analyser av en podsol fran Haggbygget, skola illustrera detta (Mattson 
et al. 1950). Podsolen var tagen i en barrskog pa Hallandsasen och har 
ett mycket kraftigt utvecklat blekjordsskikt. 


Tabell I 
Clédférlust | Extinkti Oxalatlésliga 
: édforlust | Extinktions-| sesquioxider, mg/100 g jord 
Horisont 9°, giede Dscck pcaer crabs 18/100 g jord 
AYOg ede Beas 
2 eyed el 37,4 025 31 219 
Pe) ele 1,5 004 20 54. 
ES iia eicaras Diecpse 10,6 700 986 1 943 
i 5) Serchereteme ite ea 132 1515 2 245 
Tee ees 3,5 030 1117 332 


Det finns endast ringa Fe och Ali A-skikten, vilket ar sarskilt patag- 
ligt i A,. Dessa amnen ha utlésts och urlakats i naturen, men 1 B-skiktet 
extraheras en stor mangd av dem. B- dro anrikningshorisonter, dar 
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fran A-skikten urlakat Fe och Al falla ut tillsammans med humusen. 
Extinktionsvirdena i Tabell I visa, att det bara ar 6-humus, som ar 
léslig i sur oxalatlésning, d. v. s. den humusfraktion som ar syraléslig 
men sesquioxid-fallbar. Denna humusform 4r utlést 1 naturen och 
ar borta fran A-skikten. Dar aterfinner man endast a-humus, som inte 
léses upp av den sura oxalatlésningen, vilket framgar av att extink- 
tionen i A, endast ar 0,025, trots att glédforlusten dr niira 40 %. I B,- 
skiktet ar forhallandet diremot det omvanda. Extinktionen ar sa hog 
som 0,700 (d. v. s. 28 ggr hégre én i A,) medan daremot glédforlusten 
endast uppgar till 10,6 % (d. v. s. 31/. ggr lagre). Aven i B, ar betydande 
kvantiteter av f-humus utfalld. Mattson (1950) papekar i en av sina 
avhandlingar att den sura oxalatmetoden ar en vardefull metod vid 
studier av /-humusen. 

Den sura oxalatmetoden har tillimpats av oss ven for undersék- 
ningar av andra jordar. Man far diarvid ta hansyn till att formagan att 
bilda lésliga. salter av det utfallda gelkomplexet ar beroende pa flera 
faktorer. Bland de vasentligaste ar fuktighetstillstandet hos de utfallda 
kolloiderna och arten av organisk substans, som sammanbinder dessa. 
De fuktiga, hydraterade oxiderna av Fe, Al och andra amnen lésas 
litt av den sura oxalatlésningen, men kompakta och uttorkade kol- 
loider lésas mycket sakta och ej heller fullstaéndigt. Detsamma galler 
for humusen. Fe, Al och andra komponenter, som aro bundna med 
hégoxiderad syraldslig 6-humus, ga latt i l6sning vid sur oxalatbehand- 
ling och samtidigt dispergeras f-humusen och fargar extrakten mer 
eller mindre starkt. Annorlunda férhaller det sig med a-humusen, som 
ar oldslig i syror. Den paverkas inte av den sura oxalatbehandlingen och 
de metallkomponenter, som inga i det utfallda gelkomplexet, upplosas 
inte fullstaénigt vid behandlingen. 

Vi ha tillimpat den sura oxalatmetoden bland annat vid studier av 
en hydrologisk profilserie av gyttjajordar vid Kungsingen (EK. Koutler- 
Andersson eé al. 1955). Profil I ligger lagst, endast 7,6 m Over medel- 
vattenytan 1 Fyrisan, och profil IV, som ligger 200 m vaster om den 
forsta profilen, har en nivaskillnad av ungefir 1 m i forhallande till 
profil I. Nagra analysresultat fran dessa profiler ha inférts i Tabell IT. 

Den sura oxalatmetoden har anvints i de bada profilerna for saval 
naturfuktig som lufttorkad jord. Férdelningen av Fe,O, i de bada pro- 
filerna visar samma gang: férst 6kning med djupet och sedan minskning 
igen, 

Maximal halt av Fe motsvarar gleyskiktet, som ligger betydligt 
djupare 1 profil I and i profil IV. 


Al dkar ganska jaémnt med djupet i profil I. I profil IV minskar det 
frst till ett djup av 80—95 cm och dkar sedan igen. I den reducerande 


: 
: 
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Tabell II 


Oxalatlésligt jérn och aluminium ¢ fuktiga (F) och lujttorra (T) 
jordar, mg/g torr vikt. 


Djup Fe,0, Al,0, 
cm | she i : 
ae ile | Skilnad F | T | Siimed 
Profil I 
O— 15..... _- — = — —_ _ 
40— 50..... 8,64 7,46 — 1,18 357 2,99 — 0,58 
80— 95..... 10,67 9,94 — 0,73 3,47 3,47 + 0,0 
135—145..... 22,95 18,78 — 4,17 3,63 3,62 — 0,01 
150—165..... 11,09 9,27 — 1,82 4,27 3,83 — 0,44 
PP0—935..... 14,96 12,70 — 2.96 4,83 4,65 == Ons 
280—295..... 15,69 14,02 — 1,67 5,48 4,87 — 0,61 
335—350..... 13,86 11,97 — 1,89 5,13 4,35 — 0,78 
Profil IV 
O— 15..... 8,98 8,46 — 0,52 3,73 Spite + 0 
40— 50..... 17,66 15,50 — 2,16 er | 2,59 — 0,62 
80— 95..... 11,91 13,30 + 1,39 1,26 2,41 + 1,15 
130—145..... 9,91 11,81 + 1,90 Peal 35 + 0,64 
155—168..... 8,02 7,94 — 0,08 2,73 2,56 — 0,17 
200—215..... 9,94 8,31 — 1,63 2.13 2,53 — 0,20 
270—285..... 9,20 37 — 1,83 vA yf 2,08 — 0,69 
335—350..... 8,22 6,36 — 1,36 2,90 2,53 — 0,37 


jonen ar Al ganska jémnt fordelad. Vid en jémférelse mellan profil I 
ch IV framgar (med undantag for de dversta skikten), att profil I 
nnehaller betydligt mera Fe och Al an profil IV, bade i det fuktiga 
ch i det torra tillstandet. Detta kan delvis bero pa den organiska sub- 
tansen, som troligen inte ar av samma art i de bada profilerna; reduk- 
ions-zonen i profil I ar inte sa kraftigt utvecklad som i profil IV, dess- 
itom ligger profil I lagre och endast 7 m fran an, varfor fuktighetsf6r- 
allandena har aro gynnsammare for bildning av komplexsalter. Vid 
ufttorkning minskas som regel jordens férmaga att bilda komplex- 
alter bade med Fe och Al, med undantag av djupen 80—95 och 130— 
45 i profil IV, dar losligheten av bade Fe och Al okar vid torkningen. 
Jenna foreteelse dr svar att forklara. Den kan till exempel bero pa 
Ulstandet hos den organiska substansen pa detta djup, dir 6vergangen 
ran aerob till anaerob zon sker. Alla extraktionslosningar fran de bada 
rofilerna voro ganska farglésa med extinktionsvairden omkring 0,020. 
Jetta visar att den organiska substansen i gyttjajordar paverkas mycket 
tet av den sura oxalatlésningen. Detta faktum, liksom ocksa den 
anska laga halten av oxalatlésligt Fe och Al i det éversta humusrika 
<iktet av profil IV och sérskilt i den anaeroba zonen, dar det finns 
etydande mangder av organisk substans i form av gyttja, har givit 
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oss anledning att misstiénka, att de utfallda sesquioxiderna 1 denna 
jord hallas bundna av organisk substans. Den sura oxalatlosningen 
kan upplosa endast en del av dem. For att klarlagga denna fraga 
utfdrdes féljande experiment. Organisk substans oxiderades med vate- 
superoxid och sedan behandlades jorden med sur oxalatlésning. De 
erhallna resultaten framga av Tabell III (E. Koutler-Andersson et al. 
1955). 
Tabell ILI 
Oxalatlésligt jaérn och aluminium 7 lufttorr jord (profil IV) fore och 
efter behandling med H,O,, mg/q torrvikt. 


Summan avy oxalatlésliga. 


Fe,0; Al,O, sesquioxider 
ae EF Ef F Eft 
cm Fore | Efter : ore ter | a, ore OF | ips AS 
behand-|behand- Okning behand-|behand- Okning behand-|behand- sre 
lingen | lingen /O | lingen | lingen /0 | lingen | lingen 10: 
O— 15} >8,46 | 12,28 45,2 | 3,73 7,65 | 105,1 | 12,19 | 19,93 63,6 | 
40— 50; 15,50 | 18,19 17,4 | 2,59 3,61 39,4 | 18,09 | 21,80 20,5 
80— 95] 13,30 | 15,62 18,9 | 2,41 2,86 18,7 | 15,71 | 18,48 18,9 
130—145 | 11,81 | 14,71 24,6 | 2,35 3,09 31,5 | 14,16 | 17,80 25,7 
270—285| 7,37 | 15,36 | 108,4-] 2,08 3,61 73,6 9,45 | 18,97 | 100,7 


I det Sversta skiktet dkas jarnhalten med 45 °%4 och Al med 105 % 
efter behandling med H,0,. I de djupare liggande skikten finns mycket 
mindre organisk substans, och ékningen ar inte sa kraftig efter vate- 
superoxidbehandlingen. Men i den anaeroba zonen pa djupet 270— 
285 cm, dar gyttjahalten ar 4,3 °%, ar dkningen efter H,O,-behand- 
lingen mycket kraftig, sirskilt for jaérn, som dkar med 108 %. Al dkar 
med 73 %. Det visar sig, att i det dversta skiktet ar det frimst Al, 
som ar fast bundet vid humusen, men i anaeroba zonen ar jarnet huvud- 
sakligen bundet av gyttja. 

I Tabell III visas ocks&é summan av sesquioxider fére och efter be- 
handlingen med H,0,. Okningen i det dversta skiktet ar 63 % och i 
den anaeroba zonen 100 %. 

En annan intressant sak kan utlisas av siffermaterialet. Fére be- 
handlingen med H,0, varierade viirdena ganska mycket for de 5 punk- 
terna, men efter behandlingen bli de ganska jimna, med undantag av 
gleyskiktet, som visar en svag dkning (22 mg). I évrigt variera viir- 
dena mellan 18 och 20 mg per g jord. Detta forsék visar vilka enorma 
miéngder av sesquioxider, som hallas bundna av organisk substans i 
denna jord, och detta far man ta hansyn till vid anvandningen av den 
sura oxalatmetoden. 

Den sura oxalatmetoden har aven anvants vid studier av mangan. 
Mattson (1948) har anvant den samtidigt med andra metoder vid sina 
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studier av Mn-fordelningen i profilerna fran Brannalt och Gunnared, 
och det visar sig darvid att man med hjalp av denna metod kan losa 
upp anda till 25 % av den totala halten av Mn. Tamms oxalatmetod 
har aven anvants i lerforskningen fér att avlagsna utfillda oxider av 
Fe och Al fore upptagningen av ett provs rontgendiagram. Sa aven med 
Schofields metod, som ar en modifikation av Tamms metod. Den forra 
har dock en mycket kraftigare férmaga att lésa upp de utfallda ses- 
quioxiderna. 

Jag vill ocksa némna nagot om en neutral oxalatmetod, vilken 
anvindes for extraktion avy humater. Det ar natriumoxalatmetoden 
och den anvandes pa Ca (och Mg) mittade jordar. Reaktionen gar 
enligt féljande schema: 


A:Ca + Na.0,0, = 2A:Na + CaC,0,-fallning 
A = organisk acidoid. 


Ca falles som oxalat och Na dispergerar humusen. Man far mycket 
morka lésningar vid denna behandling. Vi ha inte provat denna 
metod pa var institution. I kritiken papekas emellertid, att denna 
metod (liksom fluor- och pyrofosfatmetoderna) icke giver sa bra 
resultat som NaOQH-metoden. Men man maste anda medgiva, att diven 
om denna metod inte ar sa perfekt, den anda har vissa férdelar. Nar 
man extraherar humater med hjailp ay NaOH, maste man som bekant 
ha jorden i vatemattat tillstand, och det innebar en hel del férbere- 
dande och tidskraévande arbete; forst fértrangning av adsorberade 
katjoner och sedan borttvattning av det fria saltet eller syran. Anvander 
man daremot natriumoxalat, behdver man icke férbehandla proven 
utan man behandlar jorden i dess naturliga tillstand (Ca- och Mg- 
mittad). 

Avslutningsvis vill jag framhalla, att den sura oxalatmetoden, vilken 
jag huvudsakligen berért i denna uppsats, ar en mycket intressant 
metod och har ett stort vetenskapligt varde for de marklarespecialister, 
som dgna sitt arbete at jordmansbildningen och alldeles speciellt at 
studier av podsolerade jordar. 
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Some Unsolved Problems in Clay Mineralogy? 
By 


Ropert C. MAckENZIE? 


It is proverbial that the more one knows the more one wants to 
know — and this applies to clay mineralogy as to any other science. 
It might, for example, be considered that, in view of the twenty years 
or so which have elapsed since the first elucidation of the elements of 
clay mineral structures, the structural basis of clay mineralogy would 
by now be reasonably sound. That this is hardly so is well illustrated 
by consideration of the commonly-accepted structures; the following 
are only a few of the problems which remain to be solved. 

1. The Kandites (Kaolin Minerals). 

(a) The nature of the forces binding kaolin sheets together: recent 
infra-red spectrographic investigations have shown the presence of 
only ionic hydroxyl groups in kaolinite; the existence of hydrogen 
bonds, as commonly postulated, thus seems doubtful, unless, of course, 
some frequency shifts occur. 

(b) The problem of b-axis disordered kaolinite (Brindley’s »fireclay- 
mineral»): there is no conclusive evidence at present as to whether the 
supposed intermediates between kaolinite and the completely random 
b/3 disordered form are in fact intermediates, or whether they are 
mixtures of two end-members. 

(c) The arrangement of kaolin sheets in halloysite: this is normally 
considered to be completely random, but some disordered forms of 
kaolinite give peaks on differential themal curves at a lower tempera- 
ture than that for halloysite. One possible explanation of this, which 
cannot be overlooked, however, is the occurrence of isomorphous sub- 
stitution, which may be possible in disordered forms — see Robertson, 
Brindley and Mackenzie, 1954. The tubular form of halloysite does 
not necessarily indicate random superposition of sheets since more 
ordered kaolin minerals can also occur as tubes — see Honjo, Kita- 
mura and Mihama, 1954. This reverts attention to problem (a) above. 
2. The Mica-Smectite Series. 


(a) The binding forces between sheets: the surface charge density 
decreases in the order muscovite > vermiculite > smectite and the 
swelling propensity increases in the same order; the reasons for this 
do not, however, appear to be completely elucidated. 

(6) The structure of montmorillonite: of the three structures, the 
Hofmann-Endell-Wilm, the Edelman-Favejee, and the McConnell, — 


1 Summary of a lecture given at Uppsala University in November 1955 
2 The Macaulay Institute for Soil Research, Ceatoteiueiden Aberdeen, 
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most evidence, including recent work on organic complexes — see 
Greenland and Russell, 1955 — supports the Hofmann-Endell-Wilm 
structure. 

(c) The occurrence of abnormal illites and montmorillonites (Cole, 
1955): the order-disorder theory appears a more likely explanation 
than interstratification of non-uniform layers, but the suggestion of 
Cole that abnormal illite is likely to have developed from normal 
montmorillonite and abnormal montmorillonite from normal illite 
does not seem entirely satisfactory and other modes of formation seem 
equally probable. 

(dq) The existence of H,O* in illite (Brown and Norrish 1952): if 
this is so, one would expect illite to react like montmorillonite and to 
lose Al** from octahedral to exchange positions; it is not known whether 
or not this occurs. 

(e) A non-interstratified intermediate between illite and smectite: 
such an intermediate has been postulated in systematisation series 
(see Mackenzie 1956 a), but there is as yet no incontrovertible evidence 
of its existence. 

(f) The five-layer sequence: in interstratified minerals the ratio of 
layers is frequently 4:1, 3:2, etc.; it is not known whether the five- 
layer sequence has a particular significance or whether it is fortuitous. 


3. The Fibrous Minerals. 

(a) The existence of (OH,) groups in palygorskite: although water 
may be highly polarised, it seems doubtful, in the author’s estimation, 
whether it could satisfy bonds as suggested in the commonly-accepted 
structure; in addition, the palygorskite structure does not appear to 
explain fully the differential thermal curve. 


4. General. 

(a) Can all clay minerals be regarded as a continuous series with 
nterstratified minerals as the intermediates? 

(5) Does spiral growth occur with clay minerals as with, ¢. g., micas? 


9. Sesquioxides. 

(a) The identity of 6-Fe,O,: is it a disordered form of hematite, 
mr identical with hydrohematite? (See Mackenzie, 1956 b). 

(6) The origin of the 250—300° C peak on differential thermal curves 
or gibbsite — see Mackenzie, 1956 6. 

This brief survey of only a few of the fundamental problems still 
waiting elucidation amply serves to illustrate the paucity of our 
mowledge on some fundamental aspects of clay mineralogy. Before 
udging the present state of our knowledge on what we do know it is 
ndeed salutary to pause and consider what has still to be learned. 
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Notiser 


Groupe Frangaisdes Argiles, den franska féreningen for ler- 
forskning, har utkommit med Tome VI av sin Bulletin. Den har i och med 
detta nummer, som fatt underrubriken Nouvelle Série No 1, dvergivit den 
tidigare stencilerade formen for ett biattre tryck. CENTRE NATIONAL DE LA 
RECHERCHE SCIENTIFIQUE star som utgivare. Tome VI har féljande innehall: 


8. Tavorian: Quelques aspects théoriques et pratiques du frittage. 

A. Rivipre, L. Visszr, R. FripmMan et 8. VeERNHET: Nouvelles recherches sur 
les argiles sédimentaires (med diskussionsinligg av G. Millot). 

S. Hénry et O. Rosicuer: Résultats obtenus au cours des nouveaux essais 
de synthése de minéraux argileux. 

S. CarLteRE et 8S. Hinry: Etude chimique des phyllites des minerais de fer 
sédimentaires. 

R. Wey: Sur l’adsorption en milieu acide d’ions PO,H,~ par la montmoril- 
lonite. 

. Sapatier: Les transformations du mica muscovite aux environs de 700° @. 


Clay Minerals Bulletin, Vol. 2, No 14 (Dec. 1955) har utkom- 
mit. Detta hafte avslutar volym 2 och innehaller registret for denna volym 
samt aven foljande uppsatser: 


Rosert H. 8. Ropertson: Formation of clay minerals. 

R. M. 8. Perrin: The formation of oriented aggregates for Brindley-Robinson 
type X-ray cameras. 

R. J. W. McLaveuuin: Effects of grinding on dickite, 


E. Gurrérrez Rios and D. M.C. MacEwan. Summary of colloquium held at — 


Zaidin Experimental Station, Granada, Spain. 
ConTENTs list for Volume 2. 
ALPHABETICAL INDEX to Volume 2. 


_De ovan refererade hiftena, liksom iiven tidigare nummer, av de bada 
tidskrifterna kunna lanas av féreningens medlemmar efter hanvindelse till 
sekreteraren. 


A. M. Bystrém 
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Notis 
Till belysning av den sfarolitiska jirnkiseln fran Langban 


Av 


PER GEIJER 


Under litteraturstudier rérande kvartsrandmalmer har jag rakat finna 
nagra uppgifter, som synas vara av intresse for tolkningen av de vackra 
sfarolitstrukturer i jarnkisel fran Langban, vilka nyligen beskrivits av O. 
Brotzen (1955). 

Det ror sig om strukturer uti de maktiga avlagringar av »chert», som 
utgora ett karakteristiskt inslag i den éverjurassiska Franciscangruppen i 
Kalifornien. De forsta uppgifterna harréra fran Sterrett (1911), som namner 
hurusom sfarolitiska varianter anvindas for tillverkning av smarre prydnads- 
foremal, under handelsnamnet »kinradite». En analyserad form hdll 88,5 °% 
S10, och 10,3 % FesO 3, men i regel skall jarnhalten vara vida mindre, vilket 
aven bekraftas av senare uppgifter. Sfaroliterna vaxla i storlek fran mikro- 
skopiska matt till mer 4n en tum i diameter. De ha en radiell struktur med 
koncentrisk bandning kring centrum. 

Vidare uppgifter, sarskilt angaende férekomstsittet, ha limnats av 
Davis (1918) och av Taliaferro (1943). Fran den sistnimndes arbete ma fol- 
jande citeras. Mellanrummen mellan kuddarna i pillowlavor i Franciscan- 
gruppen aro vanligen fyllda av palagonitomvandlat vulkaniskt glas, men 
stundom av chert eller kalksten. Denna chert liknar den lagerformigt upp- 
tradande men saknar i motsats till denna inneslutna radiolarier. »In places 
it has a spherulitic texture which is beautifully accentuated by polishing. 
This texture is also developed in bedded cherts on the margins of intrusives.» 
Om den av basiska och ultrabasiska intrusioner fororsakade metamorfosen 
heter det vidare: »This ordinarily results in an obliteration of the rhythmic 
bedding and an increase in color to bright shades of vermilion and orange. 
The chert becomes spherulitic and there is a tendency toward the aggregation 
of iron oxides towards centers.» 

Det synes efter dessa beskrivningar mycket sannolikt, att jarnkiseln vid 
Langban har fatt sin sfarolitstruktur genom lindrig metamorfos pa ett rela- 
bivt tidigt stadium. 

_ For de malmgenetiska synpunkter, som Brotzen anknyter till sin beskriv- 
ing, har denna jamférelse naturligtvis inga konsekvenser. I detta sam- 
nanhang synes det emellertid vara av intresse att erinra om férekomsten av 
tt sa karakteristiskt Langbanmineral som kentrolit 1 den sedimentiira 
airn-manganmalmen vid Klintgruvan 0 om Krylbo. 

= 

1 Fér de former av kemiskt utfilld SiO,, som pa engelska bendmnas »chert» eller 
Ben, saknas fullt motsvarande term pa svenska. »Jiirnkisel» ticker endast de vari- 
eer, som dro fargade av jarnoxid. 


ee, 
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Anmiilanden och kritiker 


A Reply to Professor Henr. Munthe 
By 


Marti Sauramo 


The Grand Old Man of the study of the history of the Baltic, Professor 
Henr. Munthe, has been considerate enough, in spite of his great age, 95 
years, to discuss my paper on the Ancylus Lake (Sauramo, 1954) in No. 3, 
1955, of this journal. Inasmuch as I shall now give some additional informa- 
tion to support my views, I want to emphasize the fact that the paper under 
consideration is a preliminary report of mine, a concise abstract of an exten- 
sive, detailed monograph dealing with the shore-line displacement in Fen- 
noscandia and in its nearest surroundings, a work I have had under prepara- 
tion during a period of two and a half decades. This monograph is now about 
to be completed, but I have also earlier occasionally presented in detail 
certain problems not based on any more extensive material. Such an exposi- 
tion might be convenient for a person familiar with the field, but inadequate 
for a real specialist. Many questions may thus arise, particularly if — as in 
this case — the result differs from the dominant view. 

Of Munthe’s many interesting questions some do not deal with the topic 
proper. In this connection it is not possible for me to treat more than two 
cases. One concerns the Lomma clay on the shore of the Sound, at sea-level, 
and the occurrence of fossil Gadus polaris in this clay. Prof. Munthe would 
have it antedate the Baltic Ice-Lake, so as to go back to the time when the 
Baltic was connected with the White Sea. I correlate the Lomma clay with 
the marine limit at Kullaberg—Halmstad and Vendsyssel, and with the old 
Yoldia clay in Vendsyssel. Thus it is synchronous with the marine limit of 
Finnmark and that of the Kola peninsula, that is, the I-shore-line of Tan- 
ner. In the forest history this clay belongs to the Older Dryas sub-stage. 
The said correlation is brought out in a recent paper of mine (Sauramo 
1955 b). Prof. Munthe states that the shore-line is missing in the diagram of 
my »time-table» illustrating the shore-line displacement at the 30-metres 
Litorina isobase. This is due to the fact that southern Finland at that time 
still was covered by the ice sheet. As to the shore-line i, of Alleréd age, it 
quite properly could be marked on the diagram at a level of 120 metres, as 
I now think, and I am obliged to Prof. Munthe for pointing out this defect. 
The diagram is continuously changing in accordance to the progress of my 
synthesis, which will never be complete. 

_ The other case outside the main topic deals with the complicated shore- 
line displacement of the Salpausselka belt, which, according to Prof. Munthe, 
is yin the need of a more exact interpretation». Undoubtedly, this statement 
could be applied to all study of the past. In my own opinion the phase in 
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question is the most appropriate and essential one. The reasons for this are 
as follows. There are many observations and much material from the Sal- 
pausselki belt. We know that it consists of two ice-marginal formations, 
about 600 kilometres in length; and, in addition, a third one occurs in the 
extreme southwestern and northeastern sections. The inner structure of 
this ice-marginal formation is visible, for example, in the excellent railroad 
cut at Heinola (Sauramo, 1931). The ice-marginal formation consists of an 
end moraine and stratified drift. I share Ramsay’s opinion about these 
accumulations of stratified drift, viz., that they represent glacio-fluvial deltas, 
the height of which was controlled by the level of the Baltic at that time. 
A good example is the part of a very extensive delta west of Lahti, studied 
by J. Donner (1951). The Younger Dryas age of the Salpausselka formation, 
a result first obtained by Donner by means of his pollen analyses is now 
generally accepted. According to my own varved clay investigations all 
three Salpausselka end moraines were formed during a period of one thou- 
sand years, and this dating, the first of its kind (Sauramo, 1918, 1923) is in 
good agreement with the recent radiocarbon dates (f. ex. Krog 1954). On 
the basis of the clay stratigraphy I have furthermore shown that at the end 
of each of the Salpausselk&é stages a sudden drop in the level of the Baltic 
took place, the first one in the year of 435 before my tentative 0-year, the 
second in + 0, and the third one during the third century after this event. 
The first drop in the level of the Baltic was 25 metres to the marine shore- 
line g, the second and the third 27 and 25 metres, respectively, to the shore- 
line f or YI. The position of the water level of the ice-lake at the time of the 
standstill of the ice-margin is evidenced by the glaci-fluvial deltas of the 
Salpausselké formation. The heights of the levels can be obtained, for 
example, in the extensive geomorphological paper of Leiviska (1920), includ- 
ing 421 cross-profiles, surveyed by levelling, as well as from numerous observa- 
tions, measurements, and shore-line systems dealing with deltas and the 
former shore-lines along their flanks, described in papers by Ramsay (1931) 
and the author (Sauramo, 1937). 

Besides the Salpausselka belt proper, the system, of the Late-Glacial shore- 
lines is completed and supported by numerous studies on morphology, strati- 
graphy, and paleontology both in the marginal zone of the Fennoscandian 
uplift area in Ingria (Jakovley 1926, Markov 1931) and in the area of the 
highest isobases in Northeastern Finland, in the Kainuu district (Kilpi 1937, 
Virkkala 1948, Kanerva 1956) and farther north in Salla, at the ancient 
drainage channel of the Baltic Ice-Lake (Hyypp& 1936). With this channel 
there alternates in action during the marine stages, the »gate of Billingeny © 
in Central Sweden. . 

In Sweden the possibilities for a composite analysis are unfavourable, 
owing to the fragmentary nature of the formations, as was pointed out by — 
Bergsten (1943), but in spite of this they do support my view more than the | 
dominant one on the development of the Baltic Ice-Lake. = | 

Let us, however, return to the main point, the problem of the Ancylus . 
Lake. According to the Swedish geochronology this stage is generally believed _ 
to include the time from 7000 to 4000 B. C., the Boreal Period and the 
beginning of the Atlantic Period in the climatic history or zones V and VI 
in the forest history of K. Jessen and Firbas. In order to elucidate the con- 
troversial stage of the Ancylus-Lake, I undertook the construction of a better 


Bd 78. H. 3] ANMALANDEN OCH KRITIKER 565 


chronologic basis for explanation and used forest history in this endeavor. 
The upper and lower limits of zone V were already earlier well-known and 
distinct. In addition, this zone could be divided into three sub-zones, Va, Vb, 
and Ve, mainly on the basis of the relative frequency of pine and birch. 
Gradually the chronologic relationship of the sub-zones to the shore-line dis- 
placement could be established. Va corresponds to the great marine trans- 
gression, which I have called Echineis, a term used by Thomasson. Due to 
this transgression, entire peat bogs were submerged in the area from Lake 
Ladoga to southwestern Finland, and thus my conceptions of this trans- 
gression by no means are — as Prof. Munthe states — »confined to profiles 
with a mixture of lacustrine and marine diatoms in bogs». The marine nature 
of this transgression is not evidenced by the diatom flora in the Baltic basin 
alone, but also the unequivocal fact that the transgression can also be traced 
from the ocean, being a great transgression and definitely synchronous with 
the one of the Baltic. Evidence of this is supplied by a hard clay surface, a 
fossil soil, according to Caldenius (1949), at the depth of 14—16 metres in 
the harbor of Halmstad. 

The same is the case in the valley of the river Viskan. After the disap- 
pearance of the ice the valley was inundated by the sea. It was a fiord of 
the Yoldia sea. Later on the sea withdrew down to its present position at 
the river mouth and the fiord thus dried up, but it came into existence repeat- 
edly owing to a great transgression. It invaded the valley for some 40 kilo- 
metres, depositing sediments rich in macroscopic remains of marine orga- 
nisms on former land surface and lake bottoms (von Post 1938, 1947, 1955 t). 
They reach up to about 33 m above the present sea-level, also above the 
Tapes-Litorina limit. In addition, the mollusc fauna of these sediments 
includes low-arctic and boreal forms only, whereas representatives of the 
warm lusitanian fauna, f. ex. Tapes, have not been found. From all these 
facts it is evident that this transgression dates from the Boreal, as in South 
Finland, and in the case of the pollenanalytically investigates submarine 
peat-bog of Lunna (Halden 1922, Thomasson 1934) west of the Viskan river. 
The boreal or Zirphaea-transgression reached in SW-Sweden probably to 
the »sandniveau» of Asklund (1936). Further evidence is the transgressive 
clay with a typical boreal molluscan fauna, overlying the regressive Yoldia 
sand, observed by Lavrova in Kola peninsula, in the Kola-Tuloma fiord. 
This great transgression covers two-thirds of the Boreal period, which 
earlier was supposed to correspond to the Ancylus time. 

The well-developed Echineis shore-line was formed at the limit of this 
transgression. This was followed by a regression, which at the higher isobases, 
inside the inner hinge-line, was exceedingly rapid, but elsewhere of the usual 
type, rather slow. As a result, the Baltic Basin, for example, became isola- 
bed, and the Ancylus Lake originated at the time of the subzone Ve. At the 
middle isobases the level of the lake was some 3—1 metres below the Echineis- 
evel. Thus, morphologically these two shore-lines coincide at a common 
evel, which has been considered as the Ancylus shore-line only. There the 
water level was stable during the entire Boreal period, almost 900 years, or 
» longer time than at any other Fenno-Scandian shore-line. This time ought 
0 be adequate for the formation of the littoral caves in Gotland. 

Since the shift from the aforesaid shore-line to the one immediately under- 
ying it, i. e. the Mastogloia stage, was according to me, »sudden», this state- 
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ment implies that, contrary to the dominant view, one is not dealing with a 
gradual regression. My interpretation is based upon the radical change in 
the Baltic sediments of the belt in question, occurring at the zone border 
V/VI. Simultaneously, slightly brackish-water diatom flora appears. This 
flora is characteristic of the Baltic sediments older than the beginning of 
the Litorina Sea, within the zone VII in forest history. The term sudden— 
which also arrested the attention of Zeuner (1954) — further implies that 
by means of pollen analysis, at least so far, I have not found the change of 
facies to be a gradual one. Such a possibility, however, is by no means ruled 
out. Afterwards I have found, like Prof. Munthe, in my notes from south- 
western Finland an observation on some littoral formations between the 
Ancylus and Mastogloia shore-lines. In addition, when analysing more closely 
the sudden crustal sinking in the southern part of the Baltic, which caused 
a lowering of the level of the Baltie waters, and of which most recently 
Schmitz (1953) has given more accurate information than earlier, one may 
conclude that the local crustal sinking of 12—13 metres in that region is 
inadequate to lower the threshold in question below the sea-level of that 
time, but also requires the erosion caused by the drainage waters of the 
Ancylus Lake. And such an event, of course, has required time, perhaps a 
century; but probably such a small difference in time will remain beyond | 
the accuracy of the standard stratigraphic and paleontologic methods. In’ 
this connection, it is unnecessary to point that the entire analysis in question | 
requires a knowledge of the general principles of the dating method and | 
experience in its application. 

A continuation of the discussion without the presentation of observation | 
data, is not, in my opinion, appropriate because I am hoping to be able to: 
publish my study proper on the shore-line displacement in Fennoscandia | 
after a few years. 
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264 s., 20 blockdiagram, 6 planscher, 3 stratigrafiska tabeller, 
62 textfigurer. 


Gerth har f. n. troligtvis den basta dverblicken dver den sydamerikanska 
Jordilleran nar man betraktar den som helhet. Han ger i boken en samman- 
attande framstillning av stratigrafin, tektoniken, magmatismen samt ett 
idsschema for de olikartade hindelser som under tidernas lopp skapade den 
ydamerikanska Cordilleran, sasom den nu framstar for de undersdkande 
reologernas 6gon. . ' ; 

Cordilleran uppdelas i ett antal geografiska enheter som beskrivas var fér 
ig fran séder mot norr. Den lattlista beskrivningen illustreras pa ett instruk- 
ivt satt genom 20 blockdiagram tackande hela omradet, jimte textfigurer 
uvudsakligen i form av kartor, profiler och ytterligare blockdiagram. Hela 
yoken innehaller endast ett enda fotografi. 

Som foérf. framhiver ar Cordilleran ytterst ojamnt undersdkt. Over vissa 
konomiskt intressanta omraden existera modirna geologiska beskrivningar 
ch kartor i stor skala, som upprattats vid prospekteringsarbeten efter olja 
ch malm. Stora omraden dro dock enbart kinda genom enstaka, nu delvis 
edan foraldrade geologiska beskrivningar, for vilka material insamlats av 
orskningsresande under kravande forhallanden. Den geologiska »grund- 
ppfattningen» hos nagon enstaka geolog kan darigenom pragla kannedomen 
m huvuddragen i stora omradens geologiska byggnad. Angrinsande om- 
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raden, undersokta av geologer tillhérande nagon annan skola, uppvisa dar- 
emot skenbart helt andra geologiska huvuddrag, fastiin de tillhéra samma 
bergskedja, dir liknande uppbyggnad vore att forvanta. Forf. har samlat 
det jittelika heterogena materialet och har lyckats aterge det 1 koncentrerad 
enhetlig form, utan att valdféra sig allt for mycket pa primararbetena. Han 
nar detta genom ett kort Atergivande av dessa arbetens huvudresultat, 
deras motivering samt egna kritiska kommentarer. Gerth’s regionala kanne- 
dom, han har i 45 ar arbetat med sydamerikansk geologi och kanner mycket 
fran egna éversiktsresor, har méjliggjort en enhetlig bearbetning. Darigenom 
blir naturligtvis hans egen geologiska grundsyn dominerande foér hela fram- 
stallningen. Tektoniskt foredrar han t. ex. »germanotypa» tolkningar framfor 
yalpina». Rikligt citerad litteratur, aktuell fram till 1954, méjliggér for lisa- 
ren att snabbt fa en 6versikt och satta sig in i vilket delomradets geologi som 
helst, om sa skulle erfordras. Beskrivningen av den yngsta vulkanismens 
geografiska férdelning och dess beroende av Cordillerans geologiska byggnad 
och de stora forkastningsgravarna beskrivas 1 ett kapitel for hela fjallkedjan. 
Sammanfattningen av bokens innehall ar tredelad — det andina sedimenta- 
tionsomradet, fjallkedjebildande rérelser samt till sist magmatism — och 
aterspeglar de 1 boken behandlade huvudfragorna. Ett register med geogra- 
fiska namn och forekommande geologiska termer avslutar boken. 

Den skandinaviske lisaren efterlyser en mera ingaende petrografisk karak- 
teristik av de metamorfa bergarterna samt en mera fyllig beskrivning ay 
omradets kvartara historia, vilken endast flyktigt antydes i bokens slut. 
Mahinda beror detta pa bristande beskrivningar eller pa att férf:s huvud- 
intresse fangslades av andra geologiska fragestallningar. 

Boken rekommenderas till alla som énskar en modiarn 6versikt d6ver den 
sydamerikanska Cordillerans geologiska byggnad, diir si manga svenska 
forskare ha gjort vardefulla insatser, eller till dem som vilja sitta sig in i 
geologien hos nagon del av Cordilleran. 


Gunnar Kautsky 
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Motet den 3 maj 1956 


Narvarande 76 personer. 


Ordféranden, hr Collini, éppnade métet och meddelade, att styrelsen 
till ledaméter i Foreningen invalt Dr phil. Armin Wolfgang Ginthert, 
Neuewelt, Schweiz, foreslagen av hr Reyment, Cand. real. Knut S. 
Heier, Oslo, féreslagen av hrr Neuman och F. E. Wickman, samt fil. 
mag:na Antti Savolahti och Ossi Nayki, Helsingfors, foreslagna av 
hr Viluksela. 

Sekretariatet for International Mineral Dressing Congress, vilken 
halles i Stockholm 18—21 september 1957, har utsant ett férsta cirku- 
lar med inbjudan till deltagande. Kongressens huvudtema blir de lag- 
procentiga malmernas tillgodogérande. 


Hr G. Kautsky holl ett av stuffer, kartor och ljusbilder belyst fore- 
drag om: Skelleftefaltets stratigrafi och geolo- 
giska historia. En tabell atergives nedan. En utférlig uppsats 
kommer att publiceras i S. G. U. Ser. C. N:o 543. 


Med anledning av foredraget yttrade sig hrr Grip, N. H. Magnusson, 
Gavelin, Asklund, Eklund och féredragshallaren. 


Hr Asklund fann i likhet med foregaende talare att foredr. pa ett synner- 
ligen intressevickande satt framlagt sina nya resultat. Delvis ledde dessa 
fram till sa betydande omstuvningar av den tidigare allmant antagna strati- 
grafien inom Skelleftefialtet, att man maste ifragasitta riktigheten av vissa 
av de nya synpunkterna. Uppdelningen av den tidigare som mera enhetligt 
uppfattade Vargforsformationen pa en 6vre avdelning med det egentliga 
Vargforskonglomeratet (Démanberget) och en undre Menstriskavdelning 
syntes vara berattigad. Skalen for att Menstraskavdelningens bottenbreccia 
skulle vara en marin bildning hade tal. dock svart att omfatta, snarare 
finge man ju uppfatta breccian som en terrestrisk bildning. De vilrundade 
konglomeraten i det egentliga Vargforskonglomeratet kunde 4 andra sidan 
val tolkas vara marina och representera en marin transgression dver vida 
ytor av den djupt neddenuderade arkeiska berggrunden. 

Med hansyn till fordelningen av antiklinalomraden i norr och synklinal- 
omraden 1 sdder, med grins ungefar utmed Skelleftedlven, sasom pa ett 
évertygande och mycket betydelsefullt satt redan for lange sedan pavisats 
av dr Eklund, kunde man icke vanta sig att finna bollar av Revsundsgranit 
| Vargforskonglomeratet i t. ex. Svanfors—Kusfors-omradet. Denna negativa 
bevisforing, som féredr. anfort, kan sdlunda icke tillmatas nagon avgérande 
betydelse. Daremot ar det tydligt, att det egentliga Vargforskonglomeratet 
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Zeitliche Aufeinanderfolge der Gesteine und des Geschehens 
im Skelleftefeld 


Sorselegranit 


Revsundsgranit METAMORPHOSE u. ERZBILDUNG 
MIGMATITISIERUNG 
VERSCHIEFERUNG 
FALTUNG 


Elvabergschiefer 
Psammite u. Grauwacken 
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Skogshedenvulkanite Porphyrite und Mandelsteine; ehemalige 
Basalte u. o. Andesite. 


Petiktraskschiefer Graphitschiefer mit Kinlagerung von ca. 50 % 
Quarzporphyr 


Maurlidenvulkanite Felsite, Quarzporphyre, Feldspatporphyre und 
deren Tuffe 


Maurlidenschiefer graue u. schwarze Schiefer, Psammite, Grau- 
wacken u. Konglomerate. Die Sedimente haufig mit Sedimentationszyklen 


u. »graded bedding». Konforme Einlagerungen von sauren u. intermediiaren 
Vulkaniten 


MAURLIDENSERIE 


motsvarar den liknande bildningen vid Ledvattnet i Mala, dar ju av en rad 
geologer konstaterats, att Revsundsgranit ingar i bollmaterialet. Man maste 
salunda bedéma alla forekomster av Vargforskonglomerat i ett sammanhang. 

Nar man betraktar foredr:s stratigrafiska schema far man ett starkt in- 
tryck av att ett element med stor regionalgeologisk betydelse kommit vilse, 
namligen Revsundsgraniten. Nu stiilles den sd naira den sannolikt post- 
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arkeiska Sorselegraniten, att man snarast skulle vinta sig ett geologiskt 
sammanhang mellan dessa vittskilda granitgrupper. Tal. yille for sin del 
tanka sig att Revsundsgranitens intrusionsperiod infaller i den relativt 
obetydliga hiatus, som féredr. markerat mellan Menstraskkomplexen och 
det egentliga Vargforskonglomeratet och att det senare tillhér den grupp 
av sediment, som tidigare uppfattats som jatuliska, med en vidstrickt 
utbredning a den fennoskandiska urbergsplattan. 


Hr Josef Eklund var glad att den allminna syn pa Skelleftefaltets bygg- 
nad, som han framlagt infor foreningen i januari 1923 (G. F. Ff. Bd 45 s. 
219—223) nu 33 ar senare i huvudsak bekriftats av foredr., némligen 
att Skelleftefaltet var en flexur emellan ett sinkt omrade i séder med kon- 
kordans emellan leptitformation och dverlagrade bottnisk skifferformation 
och en kratogen i norr som hdéjts och denuderats i bottnisk tid och som givit 
upphov till konglomeratmassor lings randen och lingre ut kalkstenar i 
Overgangen emellan de bada formationerna. 

Intressant ar att flexuren synes fortsitta in 6ver Finland i rak forlingning 
mot OSO av Skelleftefaltets huvudriktning. Pa linjen ligger Ylivieskas 
konglomeratomraden som Miakinen redan 1916 jamforde med Vargfors- 
konglomeratet, under det att trakterna sdéder om linjen nérmast kunna 
jamforas med skiffergnejserna i Skelleftea- och Burtrisktrakten, som kon- 
kordant dverlagra en kalkstensfdrande leptitformation, som dock i huvudsak 
granitiserats. Aven lingre mot OSO anda till Joensuu kan denna motsiitt- 
ning emellan ett hdjt omrade i norr och ett sinkt omrade i séder foljas. 

I Bergslagen dvergar, som Sundius visat i detalj i Grythyttan, den vulka- 
niska leptitformationen i en skifferformation med stora kalkstenslager och 
manganhaltiga jarnmalmer narmast under och grafitiska skiffrar nirmast 
Iver Overgangszonen. 

Om nu konglomeraten pa randen av och denudationen inom kratogenen 
1orr om Skellefteflexuren ej betyder nagon stérre tidslucka, ligger det nara 
ill hands att jamfora Pajalaformationen med sina grafiter, kalkstenar och 
airnmalmer med de likartade bildningarna omkring gransen leptitformation— 
Bottnium i Skelleftefaltet och Bergslagen. 

Skarnjérnmalmerna i Norrbotten skulle da bli lika samhoriga med apatit- 
arnmalmerna som 1 Bergslagen, dar diskordans saknas. 

I stort sett stryker malmomradet Pajala—Kiruna—Ekstrémsberg pa- 
allellt med Skellefteflexuren, men i detalj bilda malmstraken ett diagonal- 
nonster sa som kan vintas pa en sdndertryckt kratogenplatta. 


Foredr. tackade for inliggen, som i princip accepterade de vasentliga 
ragen i den framlagda stratigrafin. De av E. Grip omnimnda granitpor- 
yrerna vid Aliden och Holmtjirn, vilka enligt Grip visa 6verskiérande kon- 
akter mot suprakrustalbergarterna tolkades av féredr. sasom kvartsporfyrer 
hérande suprakrustalbergarterna. Som omnémndes under foredraget bilda 
idana kvartsporfyrer ett karakteristiskt inslag 1 Petiktriskskiffern, i vilken 
e ganska regionalt forekomma sasom konforma inlagringar aven éster och 
aster om Aliden samt séder om Skelleftealven vid Maurliden. Enstaka 
vertvirande kontakter aro ju mycket vanliga i varje maktig vulkanisk 
tbergartsformation bestaende av lavor, tuffer och sediment. Den maktiga 
asiska vulkanitformationen, av fodredr. benamnd »Skogshedenvulkanit», 
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visar utom mandelstenférande lavor, vilka ha tolkats som basalter, aven 
nagot-surare bergarter av keratofyrisk sammansittning samt bl. a. rod- 
jaspis forande konglomerat sésom sedimentara inlagringar. Formationen 
paminner i viss man om de maktiga effusiva grénstensformationerna i kale- 
doniderna, vilka utom basalter vanligtvis ven innehalla en del nagot surare 
led. 

Efter de framlagda stratigrafiska resultaten ar det tydligt, att Arvidsjaur- 
porfyren bér stratigrafiskt jamstiillas med Maurlidenserien eller nagot led 
av den. Arvidsjaurporfyrerna dro ju enligt Grips utredning tydligt aldre an 
Jérngraniten. Féredr. lutar mest 4t den uppfattningen, att de (eller at- 
minstone vissa led av dem) bora stratigrafiskt parallelliseras med Maurliden- 
vulkaniterna, vilka vid Kusfors och Petiktrisk innehalla rédaktiga arvids- 
jaurporfyrliknande kvartsporfyrinlagringar. Vidare har féredr. observerat 
évergangar mellan graa kvartsporfyrer av »Skelleftefalttyp» och réda kvarts- 
porfyrer av »arvidsjaurporfyrtyp» vid Kampsin NNE om Jorn. Pa de publi- 
cerade 6versiktskartorna (A. Hébom, 8. Gavelin) har omradet vaxlande 
uppfattats sasom tillhdrande Skelleftevulkanitbergarterna och Arvidsjaur- 
porfyrerna. Féredr. papekade att de forefintliga skiljaktigheterna mellan 
Arvidsjaurporfyrerna och Skelleftefaltporfyrerna med nagon fantasi even- 
tuellt skulle kunna férklaras med olika paleogeografiska bildningsmiljéer. 
Arvidsjaurporfyrerna innehalla enligt litteraturen inga marina sediment 
(kalkstenar, grafitskiffer o. d.). Sadana sediment aro dock icke alls ovanliga 
som inlagringar i Skelleftefaltets porfyrer. Det ligger nira till hands att 
tolka Arvidsjaurporfyrerna med sina ofta rédaktiga fiairgnyanser sasom 
bildade pa ett landomrade och de graa Skelleftefaltporfyrerna med inlag- 
ringar av grafitskiffer och kalkiga sediment sasom avlagrade under havsytan. 

Med anledning av hr Asklunds yttrande papekade féredr. att det med 
all 6nskvard tydlighet framgar av sedimentens beskaffenhet, att Menstrask- 
konglomeratet med sina kalkcementerade breccior ar en marin bildning 
medan Vargforskonglomeratet har avlagrats fluviatilt eller 1 flodmynningar. 
Menstraskkonglomeratet innehaller sasom framgick av foredraget inlagringar 
av sedimentira kalkstenar och aven grafitskiffrar. I sedimenten forekommer 
ofta »graded bedding» daremot aldrig diskordantskiktning. Vargforskonglo- 
meratet innehaller diremot inga kalk- eller grafitskifferinlagringar. Diskor- 
dantskiktning ar i dess sandstensinlagringar en mycket vanlig foreteelse. 
Vidare kan konstateras, att starka vattenstr6mmar radde under Vargfors- 
konglomeratets avlagring. Bakom enstaka stérre bollar i de sandiga sedi- 
menten har pa bollens »lisida» grévre sediment ansamlats pa ett karak- 
teristiskt saitt, som vi mycket vil kiénna igen fran recenta forhallanden. 
Pa detta sitt har aven kunnat konstateras, att Vargforskonglomeratet kring 
Vargforsen har fatt sitt material norrifran. I Svergingszonen mellan de tva 


_ likaldriga facies finnes upprepad viixellagring och aiven dvergangar mellan 
bada typerna. 


Vid métet utdelades N:o 485 av Férhandlingarna. 
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Exkursionen till Uppsalaomradet den 10 maj 1956 


Huvudsyftet med exkursionen var att for deltagarna demonstrera 
nagra av de nyheter, som framkommit i samband med nykarteringen 
av det geologiska kartbladet Uppsala. 

Exkursionen, som var anordnad tillsammans med Geografiska For- 
bundet, intresserade nirmare ett 50-tal deltagare, vilka samlades vid 
1/2 10-tiden utanfor Uppsala C, varifran en kortege om en buss och 
6 bilar brét upp mot den férsta lokalen, nimligen den 0 om Ovre 
Foret beligna Lilla Djurgarden, dar hr Lundegardh demonstrerade 
blottningar av starkt veckad sedimentgnejs med basiska tufflager. 
Denna sedimentgnejs representerar yngsta ledet i leptitsystemet, det 
som aven benimnes Bottnium eller Malarserien. 

Vid de féljande lokalerna Skaggesta invid vagen mellan Husbyborg 
och Bérje kyrka samt Hovlésa nara Jumkilsvagen ett par km NV 
om Husbyborg agnade sig exkursionsdeltagarna At studium av frag- 
mentbergarterna inom den sydvastra delen av Uppsala halleflint-por- 
fyritomrade. De som regel sma fragmenten utgéras i huvudsak av 
aldre vulkaniter, kvartsit och epidot. Lokalen vid Skaggesta hyser 
ett 2 dm langt granitbrottstycke. 

Nara avtagsvaigen vid Broby demonstrerade hr Jarnefors en fore- 
komst av dubbla mordner.1 Den undre mordnen ar bildad »in situ» 
genom djupvittring av den av vulkaniter bestaende och av laumontit- 
fyllda sprickor genomdragna berggrunden. Den éverlagras av en morén 
innehallande é6vervagande langtransporterat material. 

Fran Brobylokalen fortsatte sedan exkursionen 1 riktning mot Gamla 
Uppsala forbi idyllen vid Ulva kvarn, dar Fyrisin varmaktig och bred 
kastade sig utfor fallet, till Bjérkby, dir hr Lundegardh demonstrerade 
annu en lokal med fragmentforande vulkaniter samt den angrinsande 
graréda porfyriska halleflintan. 

Sedan formiddagskaffe intagits vid rikligt dukat bord pa Matsgarden 
i Gamla Uppsala fortsatte exkursionen till Nyby, dar hr Jarnefors 
demonstrerade en foliekérnborrning med 38 mm:s karndiameter ned 
till 6 m:s djup. I samband harmed redogjordes for borrningens metodik 
och borrmaskinens konstruktion. Efter avslutad borrning framtogs och 
uppskars karnan, varefter deltagarna blevo i tillfille att skarskada 
varvserien och identifiera den for Uppsaladsens sedimentationsomrade 
mycket karakteristiska flackzonen. 


1 (Se Horner, G. F. F. 66: 3 (1944) och 68:3 (1946)). 
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Fig. 1. Statsgeologen P. H. Lundegardh demonstrerar en gabbro vid Hovlésa 
NO om Uppsala. Foto: Carl Larsson. 


Fig. 2. Flackzonen studeras i ett lertag vid Nyby, Gamla Uppsala. — Foto: Carl Larsson. 
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Fig. 3. Geologen Bjérn Jarnefors demonstrerar foliekirnborrning vid Nyby, 
Gamla Uppsala. Foto: Carl Larsson. 


Flackzonen, vars maktighet har uppgar till ca 10 cm demonstrerades 
aven ingaende i ett narbelaget lertag tillika med subakvatiska rutsch- 
ningar och andra stérningar av lerlagren. Den karakteriseras av en 
riklig forekomst av rundade kalkstensfragment med 1—10 mm:s dia- 
meter, vilka numera fro omvandlade i vitgra uppluckrade massor. 
I anslutning till detta forevisade hr Jarnefors lerdiagram och kartor 
med israndligen som resultat av under hésten 1955 féretagna folie- 
karnborrningar inom Uppsaladsens sedimentationsomrade. De intresse- 
rade askadarna blevo darefter i tillfaille att som minne av demonstra- 
tionen hemfora delar av den upptagna karnan. 

Exkursionen avslutades med middag pa Varmlands nation, i vilken 
storre delen av exkurrenterna deltog. Hr Norin talade och inbjéd de 
exkursionsdeltagare, som sa 6nskade, att bese den nirbeligna Mine- 
ralogisk-geologiska institutionen, en uppmaning, som efter middagen 
hérsammades av atskilliga. Foreningens ordférande hr Collini framforde 
ett tack till dagens demonstratérer hrr Lundegardh och Jarnefors, av 
vilka den forstndmnde pa grund av forestaende tjansteresa ej] var 1 
tillfalle att ndrvara. Vidare erinrade han om, att de trakter exkursionen 
under dagen besékt i ar for jimt 100 ar sedan blevo foremal for en 
geologisk kartliggning, dirvid asyftande Axel Erdmanns »Geologisk 
karta éfver Fyris Ans Dalbicken upprattad 4r 1856», som blev proto- 
typen for Sveriges Geologiska Underséknings kartblad i skalan 


1: 50 000. 
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Motet den 4 oktober 1956 


Narvarande 20 personer. 


Ordféranden, hr Collini, 6ppnade métet med féljande anforande: 


Sedan Féreningens senaste sammantrade har korresponderande leda- 
moten Dr Rudolf Ruedemann i Albany, N. Y., avlidit i en alder av 
92 ar. 

Rudolf Ruedemann féddes 1864 i Georgenthal, Saxen-Gotha, 1 Tysk- 
land och studerade pa 1880-talet vid universiteten 1 Jena och Strass- 
burg. Han kom sedan till U. S. A. och tjanstgjorde forst som larare 
vid skilda High Schools 1892—99 och direfter som Assistant State 
Paleontologist i Albany N. Y. aren 1899—1925 samt som State Pa- 
leontologist 1925—1937. Ruedemann, som var silurpaleontolog, har i 
flera uppmarksammade arbeten beskrivit Nordamerikas graptolitfauna. 
Han tillhérde var forening som korresponderande ledamot sedan 1935. 


Den 29 augusti avled i Helsingfors férre professorn vid Tekniska 
hogskolan i Helsingfors Heikki Véyrynen i en alder av 68 ar. 

Han var fodd i Pielisjarvi 1888 och blev fil. mag. 1915 och fil. dr 
1921. Extra assistent vid Geol. Kommissionen var han under aren 
1911—16, assistent 1919 samt t.f. statsgeolog och ledare av malm- 
geologiska undersdkningar 1929. Statsgeolog blev Vayrynen 1936 och 
slutligen professor i mineralogi och geologi 1940 vid Tekniska hégskolan 
i Helsingfors, fran vilken befattning han avgick med pension 1955, 
Han foretog en prakt.-geologisk forskningsresa till mellersta Sibirien 
1917 samt har lett malmletningsarbeten i Karelen 1929—30 och 1933— 
35 1 Petsamoomradet. Viiyrynens publikationer behandla bl. a. finska 
kaolinférekomster, Outokumpuomradets geologi och malmer samt 
nickelmalmerna i Petsamo. Vayrynens sista verk, hans arbete om 
Finlands berggrund, ar foreningens medlemmar bekant genom Metzgers" 
presentation vid januarisammantradet i ar. — Var forening tillhérde 
Vayrynen sedan ar 1914. 


Den 8 september avled i Falun férre bergmistaren Theodor Dahl- 
blom i en alder av 90 Ar. 

Dahlblom var fodd 1865 och utexaminerades som bergsingenjor fran 
Tekniska hégskolan 1888. Efter att nagra ar ha agnat sig at privat 
verksamhet blev han 1894 gruvingenjér i Gavle-Dala bergmastare- 
distrikt och var 1895—1903 vid upprepade tillfallen t.f. bergmastare 
indmnda distrikt, i vilket han sedermera tjinstgjorde som bergmastare 


ee 
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1903—1930. Aren 1894—1900 var han tillika lérare vid Falu bergs- 
skola. Som konsulterande bergsingenjér utévade han en omfattande 
verksamhet. Dahlblom har forfattat en larobok i gruvvetenskap samt 
publicerat en rad uppsatser i metallurgi, geologi, fysik och kemi. Han 
var medlem av var férening sedan 1890. 


Den 20 september avled i Djursholm férra kommerseradet Karl 
Sidenwall i en alder av 78 4r. 

Sidenwall var fédd 1878 och utexaminerades som bergsingenjor fran 
Tekniska hégskolan 1900. Aren 1900—1903 var han larare vid Bergs- 
skolan i Falun och efter nagra ars privat verksamhet 1910—13 t.f. 
gruvingenjér i Giavle-Dala bergmistaredistrikt samt aren 1913—1918 
bergmastare i Sédra distriktet. Sidenwall var 1921—44 kommerserad 
och byrachef for Bergsbyran i Kommerskollegium och fungerade 1936 
—44 aven som generaldirektérs stallféretradare. Han deltog i S. G. U.:s 
malmfaltsundersékningar i Lappland 1899 och dess malminventering 
1908. Som ordforande i 1940 ars skifferoljesakkunniga ledde han under- 
sdkningarna av alunskiffern i Kvarntorp i Narke. Sidenwall har publi- 
cerat uppsatser 1 geologi, gruvbrytning och gruvlagstiftning. Han var 
medlem av var forening sedan ar 1899. 


Den 20 september avled forre direktéren fér Falu kopparverk, bergs- 
ingenjéren Per Abraham Jonson i Falun, 83 ar gammal. 

Jonson var fodd 1873 och utexaminerades som bergsingenjér fran 
Tekniska hégskolan 1898 och blev 1899 gruvingenjor vid Stripa Gruv 
AB. Aren 1901—1908 var han chef fér detta bolag samt Guldsmeds- 
hytte och Strassa Gruvaktiebolag samt darefter direktér for Falu 
kopparverk 1908—1938, da han avgick med pension. Under skilda 
perioder tjanstgjorde han som t.f. bergmastare i Gavle-Dala distrikt. 
Jonson tillhérde var forening sedan ar 1897. 


Jag lyser frid éver de bortgangnas minne. 
_ Foreningen har sant en telegrafisk halsning till prof. Percy Quensel 
pa hans 75-arsdag den 6 september. En tackskrivelse har ingatt fran 


hr Quensel. 


Styrelsen har till ledamoter i féreningen invalt ingenjorerna Mats 
Andersson och Karl Koch, Svenska Diamantbergborrnings AB, Sund- 
byberg, bada foreslagna av hrr Meier och Sund. 


Fru E. Hult De Geer holl ett av talrika ljusbilder illustrerat foredrag 
om: Den svenska tidskalan, dess karaktar och planetariska utveckling. 
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Geolognytt 


Professor H. G. Backlund har av Osterreichische Mineralogische Gesell- 
schaft dekorerats med den nyinstiftade Becke-medaljen. 


Professor P. Quensel, Stockholm, kallades sasom utlindsk festforelasare 
till invigningen av Mineralogisk-petrologiska institutet vid Bonns universitet 
den 12 juli 1956. Institutet har erhallit lokaler i det nyrestaurerade slottet 
Poppelsdorf. Invigningen skedde i nérvaro av prominenta gister fran Tysk- 
land och utlandet. Professor Quensel féreliste Gver amnet: Uber die para- 
genetische Entwicklung des Varutriskpegmatits. 
~ Professor I. N. Stranski, Berlin, talade som inhemsk festfdrelasare Over 
aimnet: Uber die Rolle der modernen Kristallographie innerhalb der mo- 
dernen Wissenschaften. 


Fil. Dr. R. Reyment har forordnats till docent i historisk geologi och 
paleontologi vid Stockholms hégskola. Fr. 0. m. den 1 juli 1956 ar han e.o. 
docent och innehavare av den for amnet allman och historisk geologi fére- 
tridesvis avsedda docentbefattningen vid hogskolan. 


Vid Stockholms hégskola har inrittats en laboratur i kvartargeologi, 
sirskilt tillimpad kvartargeologi, fr. o. m. den 1/7 1956. Till dess forste 
innehavare har utan tjanstens ledigkungérande utsetts docenten vid hég- 
skolan C. G. A. Wenner. 


Docent Pontus Ljunggren vid Lunds Universitet har avrest till Central- 
amerika for att tilltrada ett expertuppdrag inom Foérenta Nationernas tek- 
niska bistandsverksamhet. Docent Ljunggren skall tjanstgéra vid The Central 
American Research Institute for Industry beliget i Guatemala City och 
arbetet bestar 1 att uppratta och driva ett laboratorium for undersékning 
av bergarter och mineral, uppskatta befintliga mineraltillgangar samt bista 
vid organiserandet av geologiska undersdkningsanstalter. 


Laborator Bérje Kullenberg vid Oceanografiska institutet i Géteborg har 
utnimnts till professor vid Goteborgs universitet. 


Statens naturvetenskapliga forskningsrads palynologiska laboratorium har 
av Knut och Alice Wallenbergs Stiftelse erhallit 64800 kr. for inkép av 
ett UV-mikroskop samt annan utrustning. Laboratoriets forestandare, pro- 
fessor G. Erdtman, har av Indiska staten inbjudits att under fem manader 
vid Birbal Sahni Institute of Palaeobotany organisera palynologisk forsk- 
ning. Han deltar éven som palynologisk expert i UNESCO:s generalfér- 
samling i New Delhi november 1956. . 


Statens naturvetenskaphga forskningsrad har tilldelat Prof. H. von Ecker- 
mann, Ripsa bidrag for undersékning ay radioaktivitetens férdelning hos 
bergarter och mineral inom Alnéomradet, Fil. Lic. B. E. Eriksson, Uppsala 
anslag till glacialgeologiska arbeten i Sarekomradet och Prof. Gunnar Higg, 
Uppsala till réntgenkristallografiska undersékningar. 


Anslag till naturvetenskaplig forskning har Radet vidare tilldelat bl. a. 
foljande personer: Prof. Rudolf Florin, Sthlm, Laborator 8. Florin, Uppsala, 
Prof. 8. Gavelin, Sthlm, Prof. G. Hoppe, Sthlm, Intendent E. Jarvik, Sthlm, 
Fil. Lic. H. Johansson, Sthlm, Fil. Lic. B. Jirnefors Sthlm, Laborator 
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S. Landergren, Sthlm och Docent E. Nilsson, Visterhaninge. : 
+ 


SVERIGES GEOLOGISKA UNDERSOKNINGS SENAST 


UTKOMNA PUBLIKATIONER ARO: 


Ser. Aa. Geologiska kartblad i skalan 1:50000 med beskrivningar, 


Pris fér karta med beskrivning 10:— kr, for enbart karta 8:— kr. 
N:o 192 Onsala ay R. Sandegren och P. H. Lundegardh. 1952 


194 Sater av S. Hjelmqvist och G. Lundqvist 1953. 

195 Saré avy P. H. Lundegirdh och R. Sandegren 1953. 

196 Viasterés avy P. H. Lundegirdh och G. Lundqvist 1954. 

197 Laholm ay W. Larsson och C. Caldenius. T. vy. utan beskrivning. 
198 Halmstad av W. Larsson och ©. Caldenius. > > > ‘ 


vywwvwvuevy 


193 Grinna av P. Geijer, B. Collini, H. Munthe och R. Sandegren 1951 


Ser. Ad. Agrogeologiska kartblad i skalan 1: 20000 med beskrivningar 


Pris for karta med beskrivning 8: — kr, fér enbart karta 6: — kr. 
N:o 2 Lund ay G. Ekstrém 1953 


>» 3 Revinge T.v. endast karta 
>» 4 Liéberéd > > > 
» 5 Ortofta > > > 
>» 6 Kavlinge > > > 
» J Teckomatorp » » > 
» 8 Trollenis > > > 
Arsbok 48 (1954) 
Ser. C. 
N:o 536 Gavelin, S., A telluride assemblage in the Rudtjebicken pyrite ore, 
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manuskript. 
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tryckér inom parentes (Sanama 1954), och sammanstiillas i alfabetisk ordning vid upp- 
satsens slut (observera skiljetecknen och férkortningar): 

Sanama, Tu. G., 1954: Mineralogy of mafurite. Bull. Comm. géol. Finl., N:o 166. 

Korrekturlasning Aligger forf. Red. 


GEOLOGISKA FORENINGENS 


I STOCKHOLM 


FORHANDLINGAR 


BAND 78 HAFTE 4 N:o 487 


Revue annuelle de la littérature géologique suédoise 1955 
Rédigée par 
R. SANDEGREN 
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Géologie régionale 


Asklund, Bror: Norges geologi och fjallkedjeproblemen (The geology of 
Norway and the problems of the Scandinavian mountain chain). — Sthlm, 
G. F. F. Bd 77, 1955, pp. 185—203, 6 text-figs. — A complementary paper 
given to the author’s previous review of Prof. Olaf Holtedahl’s monograph 
»Norges geolog» (The Geology of Norway) and dealing with some special 
»Caledonian» problems which arise at a comparison between the Swedish and 
Norwegian aspects upon the geological history of the mountain chain. As seen 
from the geological maps of Scandinavia the Caledonian mountain-zone is 
divided in the middle by an extensive anticline of crystalline rocks chiefly 
belonging to the Precambrian. This is the Olden-anticline of Sweden, overlain 
by Eocambrian and Cambro-Ordovician sediments. It projects into Norway 
to the north-east of Trondheim, and comes in the neighbourhood of Grong 
into contact with the »Western border» of Norway which was formerly re- 
garded as an Archean complex but now is considered to represent a complex 
highly metamorphosed in Caledonian time and renewed by palingenetic 
processes. Later geological studies upon the Swedish side of the national 
boundary have demonstrated that the Olden-Anticline represents the deepest 
parts of a huge nappe, the Olden-nappe, mainly built up of Cambro-Ordo- 
vician Sediments. Judging from these Swedish results it becomes evident 
that the »Western border» of Norway with its crystalline and highly meta- 
morphosed originally Archean rocks rests upon the Olden-nappe with a 
tectonical discordance. Seen in contrast to the Archean of the foreland in 
the east which forms the basement of the Caledonian geosyncline-sediments 
the whole »Western border» of Norway obviously represents allochtonous 
elements added to the old pre-Caledonian continent-mass as a huge land- 
strip from deeper parts of the geosyncline. B, Asklund 


*Beskow, Gunnar : Hur naturen danat skirgarden (How the archipelago of 
Stockholm was formed). — Stockholms skirgard, pp. 33—52. Sthlm 1954. 


*Bjorsjé, Nils : Naturgeografisk exkursion till Kallebiicks lider (An excur- 
sion to Kallebacks lider, Gothenburg). — Geogr. notiser 12. 4 1954, pp. 9—13. 


Brotzen, F.: Geologiska problem i Israel (Geological problems of Israel). 
— SthIm, G. F. F. Bd 77, 1955 pp. 148—160. English abstract p. 148. 


Ekstrém, Nils: Nagra naturgeografiska iakttagelser fran Hind&somradet 
(Some geological observations from the environs of Hindas, SW Sweden). — 
Gothia 7, Also as Medd. fr. Géteborgs Univ. Geogr. Inst. 49. pp 58—65, 
6 text-figs. Goteborg 1955, 


Florin, Sten : Geologi och stenaldershistoria (Geology and Stone Age history 
of the parish of V. Vingaker). — Vingakersboken pp. 379—430, 21 text-figs. 
— A popular account of the Quaternary geology and the stone age history 
of the parish named. Detailed descriptions of some peat-bogs are given. 


R. Sandegren 


Gavelin, Sven och Kulling, Oskar: Beskrivning till berggrundskarta dyer 
Vasterbottens lin (Description to map of the Pre-Quaternary rocks of the 


Bd 78. H. 4] REVUE ANNUELLE 1955 581 


Vasterbotten County, N. Sweden). — 8. G. U. Ser. Ca, N:o 37, 296 pp., 188 
text-figs., 2 plates, 1 map. English summaries pp. 88—99 and pp. 287—296. 
I. Urbergsomradet (Pre-Caledonian rocks) by S. Gavelin. II. Den kaledoniska 
fjallkedjan (The Caledonian mountain range) by O. Kulling. Sthlm 1955, — 
In the Pre-Caledonian rocks of the Vasterbotten County two mountain 
building cycles are recognized e. g. the Svecofennian- and the Karelian cycle. 
The latter was followed by Subjotnian and Jotnian eruptives and sediments 
formed at the pleneplanation of the Karelian mountains. A scheme of the 
various rock groups of the area is given below (the figures to the right show 
the areal proportions of the various rocks within the area) 
Youngest. 

Rapakivi granite, diabase Subjotnian and Jotnian eruptives < 0,1 %. 


Boel s sae ae 2 Karelian granites and gabbro 3,5 %,. 
The Vargfors series Karelian sediments and voleanites 0,6 %,. 
— Unconformity — 

Reysund granite series Late- or post-orogenetic Sveco- 

fennian granites and gabbros _—47,8 °%. 
Gneisses of the Phyllite series 

and of Jérn granites Svecofennian gneisses 31,0 %. 

The Jérn granite series Early-orogenic Svecofennian gra- 

nites and gabbros 50 
The Arvidsjaur series Upper Svecofennian volcanites 258: Von 
The Phyllite series The middle, mainly sedimentary 


supercrustal Svecofennian series 9,6 %. 
The Skellefte volcanite series The lower, mainly volcanic super- 
Jidest. crustal Svecofennian series Leta. 


The different tectonic styles met with in the map region are visualized by 
block diagrams. Much space has been given to stratigraphic and petrographic 
nvestigations of the rocks as well as the regional metamorphism of the area. 
[he sulphide mineralisation, which is mostly restricted to the Voleanite- and 
Phyllite series of the Skellefte area, can be classified as follows: 1. Sulphide 
re deposits in metasomatically altered rocks or unmistakable epigenetic 
res in the Phyllite series. 2. Small concentrations of pyrite and pyrrhotite 
n schist and gneisses. 3. Quarts veins with arsenopyrite. 4. Calcite-fluorite 
reins with galena and/or sphalerite. 5. Nickel ore. 6. Molybdenite prospects. 
Jre deposits of economic importance belong almost exclusively to group 1. 
fhe principal phase of the sulphide mineralisation seems to have been con- 
ected with the origin of the youngest Svecofennian Revsund granite and 
ot — as earlier stated — with the oldest Svecofennian Jérn granite. Sulphide 
nineralisation in the north-western portions of the map area, including the 
\dak area, seem to be connected with the Karelian Adak granite. 

The rocks of the Vasterbotten Mountains proper, belonging to the upper 
aledonian nappes, 7. ¢. the Seve-kéli Nappe and the Rédingsfjall Nappe, 
re translocated from the central parts of the original Caledonian geosyncline. 
‘he rocks of the eastern marginal zone, originate mainly from the eastern 
order regions of the same geosyncline. The latter have been separated into 
hree different units: the Cambro-Silurian of eastern facies (mainly autoch- 
honous), the Blaik Nappe, and uppermost the Stalon Nappe. »The Ammarnas 
omplex» of the Vasterbotten Mountains proper could possibly form the 
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western extension of the Stalon Nappe. The regional metamorphism increases 
upwards from the lowest major nappe, The Blaik Nappe, to the highest, the 
Rédingsfjall Nappe. The Cambro-Silurian of eastern facies is composed of 
Cambrian and Ordovician sedimentary rocks lying on a basement of pre- 
Eocambrian rocks. The lowest part of the sediment-sequence, the Laisberg 
sandstone, is unfossiliferous, and is referred to as the Kocambrian by some 
authors. The Blaik Nappe Complex is subdivided into: the Sparagmite Series 
(oldest), the Eocambrian tillites and varved shales, the Strém Quartzite 
Series and the alum shales of the Blaik Nappe. As to the crystalline rocks inside 
the Blaik Nappe, it is still open to question whether they belong to the original 
basement of the nappe or not. Much space has been given to the petrographie 
and stratigraphic description of the Sparagmite Series as well as the Eocam- 
brian tillites named the Langmarkberg Series, which has been deposited 
during the great Varanger Ice Age. The Strém Quartzite Series is considered 
to be the western stratigraphic equivalent to the autochthonous Laisberg 
sandstone. Besides petrographic description of the Strém Quartzite Series 
two drilling cores are presented from the easternmost parts of the Nappe. 
In the Stalon Nappe the same rock series are represented as in the the Blaik 
Nappe, the metamorphism, however, being up to the stage of chlorite-biotite- 
epidote-garnet, Pre-Hocambrian rocks are also included in the Stalon Nappe. 
The Seve-koli Nappe of the Vasterbotten mountains proper is divided into 
one division of higher- and one of lower metamorphic sedimentary rocks. 
The latter representing the western Cambro-Silurian because of scattered 
finds of Ordovician and Silurian fossils, is subdivided into four Ordovician 
and four Silurian Series. The stratigraphy of the higher metamorphic rocks 
in the Seve-kéli Nappe is at present a matter of dispute. Igneous rocks of 
different kinds have a frequent occurrence in the Seve-kéli Nappe, and their 
dating and genesis are discussed. The author’s opinion about tectonics are 
visualized by several profilesections across the Caledonian range, and strati- 
graphic correlations with other areas in the Caledonian geosyncline are dis- 
cussed and summarized in a table. G. Stalhés 


Holmsen, Per: Grensen mellem Trondhjemsfeltet og sparagmittomradet i 
sydost (The borderline between the Trondhjem field and the sparagmite 
area in the southeast). — Sthlm, G. F. F. Bd 77, 1955, p. 433. — The opinion 
of P. Holmsen is that the Trondhjem field in its southeastern part is resting 
upon allochtone sparagmites, and that there is a considerable tecthonic 
discordance between them. R. Sandegren 


Koark, Hans J.: Zu Gesteinen um den See Nahuel Huapi, Patagonien. — 
Bull. Geol. Inst. Upsala, Vol. XX XV, 8S. 191—198, 1 Textfig. Uppsala 1953— 
1955, 


*Lundqvist, @. : Olands jord och grund (Soil and ground of Gland), — Natur 
pa Oland, pp. 16—28, 11 text-figs. Uppsala 1955. 


Rapp, Anders : Geomorfologiska studier i Tempelfjordsomradet, Spetsbergen 
1954 (Geomorphological studies in the Tempelfjord-region, Spitsbergen, in 
1954). — Sthlm, Ymer, Arg. 75, 1955 pp. 121—137, 9 text-figs. English 
summary p. 137. 


Sandegren, R.: De geologiska férhallandena (The geological conditions). — 
Bjérlanda socken genom tiderna pp. 12—24, 3 text-figs. Uppsala 1955. — 
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A popular account of the geology of the parish of Bjérlanda, Bohuslan, 
Western Sweden. Contains earlier not published lists of Late Glacial and Post 
Glacial marine fossils, R. Sandegren 


Stromberg, Arne: Zum Gebirgsbau der Skanden im mittleren Hiirjedalen. 
— Bull. Geol. Inst. Uppsala, Vol. XXXV, 8. 199—244, 18 Textfig., 3 Tafeln. 
Uppsala 1953—1955. — In the eastern sector of the investigated area the 
quartzites and sparagmites show a tectonic shape, characterized by a system 
of small nappes and some faults. The eye-gneiss between Hede and Tannis 
is found to be formed through crystalloblastic metamorphism from granite, 
which occurs as crystalline relict areas. In the bottom of the big Seve-nappe 
the author distinguishes a relatively rigid tectonic unit, called the Sarv-nappe. 
This nappe contains 45° westerly dipping dikes of olivine-bearing Ottfjall- 
dolerite standing close in mainly arenaceous rocks of eocambrian light sparag- 
mite. Between the Sarv-nappe and the eye-gneiss occurs a dolomitic limestone 
associated with a white quartzite. After an early deformation with a pair 
of folding axises in N—S and E—W the dolerite was intruded mainly in 
tension cracks. The dolerite dikes and the sparagmite became abruptly cut 
off through later movements with especially strong deformation in a transla- 
tion plane at the bottom of the Sarv-nappe, where a late folding axis B! | B 
has been observed in the orientation N55—60°W. A mylonite zone and sericitic 
slates separate the Sirv-nappe from a higher metamorphosed nappe in the 
west. A. Strémberg 


Ahman, Erik: Socknens geologi (The geology of the parish of Ranea), — 
Ranea socken 1654—1954, pp. 266—273, 4 text-figs. Lulea 1955. — The 
Pre-Quaternary and Quaternary geology of the parish is described. In the 
seginning of this century there was a little mine district at Rane& based on 
elspar and quarz. E. Ahman 


Géologie générale et dynamique 


Arnborg, Lennart: Hydrology of the Glacial river Austurflj6t. — Geogr. 
inn. Arg. XX XVII, 1955, pp. 185—201, 9 text-figs. Sthlm 1956. 


Axelsson, Valter: Rapadlven, dess delta samt sedimentationen i Laitaure 
The river Rapadlven, its delta and the sedimentation in Lake Laitaure), — 
thlm, Ymer, Arg. 75, 1955, pp. 52—59, 4 text-figs. English summary p. 59. 
— The River Rapadlven, which is draining the great mountain massif of 
arek in Northern Sweden has in Lake Laitaure formed a delta with a length 
f about 6 km. The delta shows numerous lagoons, which are enclosed between 
he levées of several diverging and converging channels. At the mouths of 
he river bed load material is deposited. For that reason the deposits sur- 
ounding the channels are inclined. In front of the delta and in the area between 
he channels suspended material is deposited. These deposits therefore are 
1ore or less plane. During the middle of the summer the river water is denser 
nan the lake water. It therefore flows along the bottom of the lake as a 
ensity current. In spring and in autumn the river water and the lake water 
re of comparable density. In winter the river water is less dense than the 
eeper layers of the lake water. For measurement of rate of deposition an 
pparatus has been constructed. From the author’s summary 
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Bath, Markus : Jordkirnan — ett aktuellt geofysiskt problem (The earth's 
core — a modern geophysical problem). — Skr. utg. av Foren. f. filosofi o. 
specialvetensk. IIL., pp. 15—43, 6 text-figs. English summary pp. 41—43. 
Also as: Meteorolog. Inst. Univ. Uppsala Medd. N:o 45. Uppsala 1955. 


Bath, Markus: Observations séismographiques de l’Observatoire géo- 
physique de Kiruna de janvier 4 décembre 1954, 136 pp. Lund 1955, 


Bath, Markus: Observations séismographiques faites 4 l’Observatoire 
météorologique d’Uppsala de janvier & décembre 1954, 97 pp. Lund 1955. 


Bath, Markus : The relation between magnitude and energy of earthquakes. 
— Trans. Am. Geophys, Union, Vol. 36, No 5 1955, pp. 861—865, 1 text-fig. 
— Relations between magnitude and energy of earthquakes given earlier are 
briefly reviewed. A new relation is derived using energy computations based 
on complete integrations of the Rayleigh wave phase. Twenty-seven shallow- 
focus earthquakes in 1952—1953 covering the magnitude range 5.3—7.8 
recorded by the Galizin instruments of Kiruna have been used. The resulting 
formula is log E = (7.2 + 0.5) + (2.0 + 0.07)M + log (x/2), where the last 
correction term takes account of the ratio x of the total energy of the seismi¢ 
waves and the energy of the Rayleigh waves. Author’s abstract 


Glimberg, (.-F.: Sandflykten i Skane — ett gammalt naturskyddsproblem 
(The sand-drift in Scania — an old problem for the preservation of natural 
scenery). — Sthlm, Sv. Naturskyddsféren:s Arsb. Arg. 46, 1955, pp. 124— 
135, 7 text-figs. Uddevalla 1955. 


Griffiths, D. H.: The remanent magnetism of varved clays from Sweden. 
— Journ. of Geomagnetism and Geoelectricity, Vol. VI, No. 4. 1954, pp. 
217—220, 2 text-figs. 

Griffiths, D. H.: The remanent magnetism of varved clays from Sweden. — 
Monthly Notices of the Royal Astronomical Society, Geophysical Supple- 
ment, Vol. 7. No 3, 1955, pp. 103—114, 6 text-figs. — The directions of 
remanent magnetization of samples taken from a number of varved clay 
series from Sweden have been measured in an attempt to obtain information 
about the direction of the Earth’s field in past times. Two sets of samples 
were taken with a Kullenberg core sampler from cores of recent varves ob- 
tained from a river delta. It was possible therefore to compare the magnetiza- 
tion directions of these samples with observatory records of the Earth’s field 
direction at the time of deposition of the clay. The results indicate that the 
magnetizations were acquired on deposition and have remained stable in 
direction since. Their directions are shown to have been controlled not only 
by the Earth’s field but by the slope of the bed on which deposition took 
place and very probably by bottom currents flowing in the river or lake 
during sedimentation. Thus no information about the past direction of the 
Earth’s field can be obtained from the data unless corrections can be applied 
to allow for these factors. A method of correcting approximately for the change 
of magnetization direction due to deposition on a slope is explained. No way 
of allowing for the effects of bottom currents has yet been discovered, though 
there is evidence that in some instances these effects are small. Where this 
is so the magnetization direction may perhaps prove a reliable indicator of the 
field directions at the time of deposition. Author’s summary 
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Hjulstrém, Filip, Sundborg, Ake and Falk, Ake: Problems concerning the 
deposits of windblown silt in Sweden. — Sthlm, Geogr. Ann, Arg. XX XVII, 
1955, pp. 86—117, 13 text-figs. — Deposits of windblown silt, or loess, are 
not common in Sweden or in northwestern Europe on the whole, with the 
exception of Iceland. On the contrary: loess soils are generally considered 
to be extremely rare, and findings which really seem to be true aeolian for- 
mations are practically of miniature size — coast and shore dunes with adjoin- 
ing more fine-grained sediments not considered. The problems dealt with 
in this paper are: 1) the geographic location of windblown silt, 2) meteorolog- 
ical and climatological conditions for the genesis of aeolian sediments. 
Finally a preliminary mapping of some localities of windblown silt in Dale- 
carlia is given, R. Sandegren 


King, R. F.: The remanent magnetism of artificially deposited sediments. 
— Monthly Notices of the Royal Astronomical Society, Geophysical Supple- 
ment, Vol. 7, No. 3, 1955, pp. 115—134, 17 text-figs. — Experiments are 
described in which samples of unconsolidated glacial deposits from Sweden 
were redispersed and allowed to settle in a tank. The direction and intensity 
of the resultant magnetic field were varied and currents were created in the 
tank in an attempt to discover what factors, other than the magnetic field, 
control the alignment of the permanently magnetized particles which give 
the sediment its remanent magnetic moment. Two such factors were found 
to be important, namely the slope of the surface on which the sediment was 
deposited and the velocity of the current immediately above this surface. 
A tentative theory of the effect of slope is put forward which accounts almost 
quantitatively for the experimental results and in addition leads to a qualita- 
tive explanation of the effect of bottom currents. The relationship of these 
results to measurements of the direction of the natural remanence of the same 
material is discussed. Author’s summary 


Kr6ll, Viktor St.: The distribution of radium in deep-sea cores. — Gote- 
borgs K. Vet.- 0. Vitt.-Samh. Reports of the Swedish deep-sea expedition 
1947—1948, Vol. X, Fasc. I. 32 pp. 20 text-figs. Géteborg 1955. 


Lindstrém, Maurits : Structural geology of a small area in the Caledonides 
of Arctic Sweden. — Lunds Univ. Arsskr. N. F. Avd. 2. Bd 51. Nr 15. Kungl. 
Fysiogr. Sallsk. Handl. N. F. Bd 66. Nr 15. 32 pp. 19 text-figs. 4 plates. Lund 
1955. — The area surveyed is situated at the lake Tornetrisk in Swedish 
Lapland and contains overthrust metamorphics (mainly mica-schists and 
marbles) belonging to the Caledonides. Synoptic diagrams of 6 maxima and 
of lineations indicate that there are at least three phases of deformation, 
each with its own B= b and B= a, the latter axis being rather predomi- 
nant. Rotation of some of the lineations around axes that are seen to belong 
to the earliest deformation clearly traceable shows that there may have been 
a fourth deformation that is still older. B = b of the deformations, beginning 
with the oldest, are, 1. N, 2. ENE, 3. NNE, 4. N. The two later deformations 
are to some extent ruptural. In the description of some of the structures of 
the area evidence is given of B! = a, chiefly from loc. 103 ¢ of Raijkijokka 
(map 1) and from Vijinivaras (map 4). The Vijinivaras structure seems to 
have been caused by temporarily checked transport in a, chiefly due to a big 
anticline in a lower tectonic unit. Author’s abstract 
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Lindstrém, Maurits: A tectonic study of Mt. Nuolja, Swedish Lapland, 
— Sthlm, G. F. F. Bd 77, 1955, pp. 557—566, 10 text-figs. — The overthrust 
Caledonian metamorphics of Mt. Nuolja are mainly S-tectonites. The domina- 
ting axial fabric elements are equivalent to Bt = a of at least four phases of 
structogenesis. B = b of the four phases, beginning with the oldest, are 1. N, 
2. ENE, 3. NNH, 4. N. Author’s abstract 


Melin, Ragnar: Om isdammarnas betydelse fér omlagring av lost material 
i en flodbadd (Significance of ice dams for the redeposition of loose material 
in a river bed). — Uppsala, Grundforbattring, Arg. 8, 1955, pp. 182—189, 
6 text-figs. — If the velocity of a river exceeds about 0.6 m/sec. the freezing 
mainly occurs from the bottom. When drift-ice and »sdrpa» (ice, formed by 
crystallization of under-cooled water on floating particles, such as erosion 
material or ice-crystals) fasten on the bottom-ice, an ice dam is formed. In 
this way the main current of the river may change its course with very im- 
portant effects on the erosion. The regulation of a river, tending to increase 
the amount of water during the winter, may therefore considerably increase 
the erosion of the river. Especially the short-time regulation, with rapid 
changes in the amount of water and an increased amount of drift-ice, will 
contribute to a strong erosion. This effect has been studied in the rivers 
Fjallsjalven and Indalsalven. Jan Lundqvist 


Mellis, Otto : Petrographische Untersuchungen an einigen Tiefseesedimenten 
des Atlantischen Ozeans. — Stuttgart, Geol. Rundschau, Bd 43, 1955, 8. 428. 


Rasmusson, Gunnar: Uppkomsten av ett gangsystem i Lulletjarrogrottan 
(Entstehung eines Gangsystems in der Lulletjarro-Héhle). — Lund, Svensk 
Geogr. Arsb. Arg. 31, 1955, 8S. 65—72, 3 Textfig. Deutsche Zusammenfassung 
S. 71—72. Auch als: Medd. fr. Lunds Univ. Geogr. Inst. N:r 337. — Diese 
Hohle ist mit einer Gesamtlange von 1 200 m die grésste in Schweden. Sie 
liegt nordlich vom See Tornetrask in Lappland auf 68°.5 n. B. und ist in einer 
Schicht von kristallinem Kalkstein gebildet. Der Kalkstein baut sich aus 
zentimeterdicken Schichten auf mit einer Fallrichtung, die allgemein 15° 
gegen NW betrigt. Hine schwach ausgebildete Faltung mit einer Achse von 
ONO—WSW ist zu erkennen. Aus der Zusammenfassung des Verf. 


Rudberg, Sten: Vasterbottens berggrundsmorfologi. Ett forsék till rekon- 
struktion av preglaciala erosionsgenerationer 1 Sverige (The morphology of 
Vasterbotten. An attempt at the reconstruction of cycles of preglacial erosion 
in Sweden). — Geographica 25, 457 pp., 7 pl., 95 fig., English summary pp. 
413—429, Diss. Uppsala 1954, — The discussion is carried on in three sections. 
Section I gives a critical review of the published observations and hypotheses 
on the morphology (of the rock floor) of Sweden. Discussed are: The regen- 
erated, essentially Precambrian peneplain, the structurally determined relief, 
the influence of the glacial erosion and fluvial relief and cycles of erosion 
younger than Silurian. Section II gives some aspects of the international 
discussion of the problem according to the formation of plane surfaces of 
denudation, of cyclic erosion, and of the transformation of the fluviatile 
landscape by glacial erosion. Section III contains an account of the morphol- 
ogy of the province of Vasterbotten. The description of the relief is based 
upon: The angles of slope, the relative height, types of relief. The area is di- 
vided into 5 morphological regions, arranged roughly at right angles to the 
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lines of drainage, These regions are: The coastal plain, the undulating transi- 
tional region, the inland plains. The description is accompanied by a contour 
map on the scale of 1 : 400 000, constructed by the aid of the topographical 
map and new figures of altitude (to the number of 19 000—20 000). A general 
description shows, that observed plains and fragmentary flat surfaces occupy 
different levels and in many places are grouped like steps. Before they are 
characterized as forming parts of a cyclic relief, certain complicating mo- 
ments are eliminated. 

The influence of bed rock is discussed in reference to a geological map, 
compiled from different sources and especially in the Caledonian mountain 
based upon non-published observations of strike and dip. An attempt is made 
to elucidate the reaction to exogen morphological processes of the most 
important rock types. With regard to the different members of the Archean 
rocks no great differences are observable. For some of the rocks of the Cale- 
donides a distinct sequence can be established. A comparison between mor- 
phology and bed rock shows, that no congruence is noticed within the Archean 
between the limits of regions and those of rock types but that such congru- 
ences are common in the premontan region and in the mountain region. 
The morphological boundaries are however partly shifted towards the west 
in comparison with the petrographical limits. The flat surfaces can only 
locally be connected with certain kinds of rock and in general not with struc- 
tural base levels, 

The glacial transformation of the preglacial landscape comprises two 
moments: the glacial accumulation and the glacial erosion. Examination of 
the thickness of the covering soil (obtained from mining prospectings and 
well drillings to a number of 2035) gives the result that all greater plains 
correspond to real plains in the rock floor but that rock terraces and steps 
in the valleys can be hidden below the sediment cover. For the investigation 
of glacial erosion the author uses the extremely steep features as starting 
point. Among these steep forms are found a number of mostly empty glacial 
cirques — different types are described — and trough valleys. Most of the 
later are of imperfect type, but give just by this fact information about 
the formation of trough valleys. The ice erosion is stronger in outer curves 
and upon downstream sides of valley spurs, and the trough valley can be 
explained almost completely by lateral erosion. Outside the mountains the 
greater hills are often transformed into huge roche moutonné (here called 
flygeberg»). In general it is possible to assert that the landscape received a 
characteristic appearance from the steep glacial forms but that the changes 
are not great as for quantity. In flat country an approximate calculation 
shows that the rock floor has been lowered at least 5.7 ms by glacial erosion. 
Plains and fragments of such are in the following considered as true erosion 
surfaces, formed in connection with general base levels. A further examination 
shows that they can be arranged in a system of 13 cycles. Their distribution 
ind relations are described in detail. The present sea level is the datum level 
or the reconstruction. Some difficulties connected with the still continuing 
yostglacial emergence are discussed. The longitudinal profiles of the rivers 
re divided into steps, which occasionnally can remind of »graded curves», 
\ remarkable agreement in height between these steps and the erosion 
urfaces occurs. During the reconstruction of the surface systems some 
nmomalies are found, especially in the coastland, where they are thought 
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to be tilted fragments of the regenerated Precambrian peneplain. The tec-- 
tonic background to the repeated rejuvenation of the relief is supposed to be: 
peripherally located flexures at the Gulf of Bothnia combined with an inter-. 
rupted raising of the interior without any change of inclination. No supports: 
are available for an exact dating of the system of surfaces. The fact that the: 
inland plains are characterized by extremely small angles of slope indicates: 
perhaps that they are influenced by the warmer tertiary climate (an »Insel- 
berg» climate). 8. Rudberg 


Rudberg, Sten: Vr aktuella kunskap om senprekambriska peneplan 1 
Sverige (Actual knowledge of Late-Precambrian peneplains of Sweden). — 
Sthlm, G. F. F. Bd 76, 1954, pp. 126—128. — It is generally accepted that the: 
Sub-Cambrian peneplain is an important feature in the present relief of Swe- 
den. It is also a general opinion that this peneplain is built successively during. 
a long spell of time or in several different epochs of peneplanation — 7. e. the 
peneplain contains different peneplain facets. Among these surfaces of denu- 
dation the following are discussed: The Subjotnian, the Subsparagmitian, the 
Subcambrian. According to the author it is not possible to reconstruct the: 
Subjotnian peneplain by the aid of the present fragments of Jotnian sedi- 
ments and not at all to follow the Subcambrian peneplain in the interior of 
northern Sweden. It is possible that informations about sedimentation and 
weathering during Sparagmitian time will throw new light upon the processes: 
of peneplanation between Jotnian and Cambrian time. 8. Rudberg 


*Soérlin, Anton: Jorden och livet. Berg, slitter och hav genom armillio- 
nerna (The earth and the life. Mountains, plains, and sea during millions of 
years). — 382 pp. Sthlm 1954. 

Thomasson, Kuno : Om den biocénotiska dynamiken i grunda sjéar. Nagra 
synpunkter pa Takerns oroviickande utveckling (On the biocoenotic dynamics 
of shallow lakes. Some points of view on the alarming development of lake 
Takern). — Sthlm, Sv. Naturskyddsforen:s Arsb. Arg. 46, 1955, pp. 145—151, 
1 text-fig. English summary p. 151. Uddevalla 1955. — During the last years, 
the lake Takern, famous by its waterfowl, has manifested an alarming situa- 
tion of its biocoenosis — expressed e. g. in diminishing submerged vegetation 
and waterfowl. It is pointed out that the lake, through the internal activities 
of its biocoenosis, is continually approaching the condition when it ceases to 
be a lake. Furthermore, the physical conditions in this epilimnic lake are 
analysed, especially in connection with the long-continued sedimentation 
and the effect of water movements upon the surface of sediment. The un- 
favourable conditions of this extremely soft sediment to the bottom fauna 
are discussed, even the negative influences of the unstabile bottom deposits 
on the submerged plants are dealt with. The effect of the water climate being 
more or less identical with the air climate is discussed in connection with 
dynamics within the ecosystem of extremely shallow lakes. 

Author’s summary 

Wideland, Bror : An investigation on the geoid in Sweden. — Sthlm, Rikets 
Allm. Kartv., Medd. Nr 24, 24 pp., 10 text-figs. 2 maps. Uppsala 1955. 

Vilborg, L.: The uplift of stones by frost. — Geogr. Ann. Arg. XXXVIL. 
1955, pp. 164—169, 9 text-figs. Sthlm 1956. — Discusses the agglomeration 
of sorted sizes of gravel and sand underneath stones lifted by the frost. 

R. Sandegren 
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and Tréndelag). — Lunds Univ. Arsskr. N. F. Avd. 2. Bd 51. Nr 9, K. Fysiogr. 
Sallsk, Handl. N. F. Bd 66. Nr 9. Also as: Medd. fr. Lunds Univ. Geogr. Inst. 


From the author’s summary 


Géochimie. 


Landergren, Sture: Om spektrokemisk analys av sediment och bergarter 
(On spectro-chemical analysis of sediments and igneous rocks). — Sthlm, 
G. F. F. Bd 77, 1955, pp. 64—65. English abstract p. 64. — A brief survey is 
given of the laboratory studies on analytical technique by means of combined 
chemical and spectrographic methods for the determination of major and 
minor constituents in sediments and igneous rocks. For details the reader is 
referred to a paper: On the spectrochemical analysis of igneous rocks, sedi- 
ments, and ores by 8. Landergren and W. Muld. Microchimica Acta 1955. 

Author’s abstract 


Landergren, Sture: A note on the isotope ratio 1°C/!*C in metamorphosed 
alum shale. — London, Geochimica et Cosmochimica Acta, Vol. 7, pp. 240— 
241, 1955. — The **C/**C ratio has been determined in alum shales from differ- 
ent localities in Scandinavia, 7. ¢. in such shales having undergone thermal 
metamorphism. It is shown that this kind of metamorphism has not affected 
the isotopic composition of the alum shale. Sture Landergren 


Landergren, Sture and Muld, William : Spectrochemical analyses of igneous 
rocks, sediments, and ores. — Wien, Mikrochimica Acta, Heft 2/3, pp. 245— 
250, 1955. 1 Textfig. — A survey is given of the technique for spectrochemical 
analyses of igneous rocks, sediments, and ores applied in the geochemical 
department of the Geological Survey of Sweden. Sture Landergren 


Ljunggren, Pontus : Geochemistry and radioactivity of some Mn and Fe 

_ bog ores. — Sthlm, G. F. F. Bd 77, 1955, pp. 33—44, 2 text-figs. — The trace 

_ element content of different bog ores has been measured and it appeared that 

most of these elements are enriched in the manganiferous bog ores as com- 

pared with the ferriferous ones. The manganiferous bog ores have also proved 
to have a higher radioactivity than the ferriferous ones, Author’s abstract 


Mattson, Sante and Koutler-Andersson, Elisabeth: Geochemistry of a 

_ Raised Bog. — Uppsala, K. Lantbrukshégsk. Ann. Vol. 21, pp. 321—366, 
1955, 20 text-figs. — In a previous publication a study was made of the 
exchangeable Ca/exchangeable Mg in a raised bog, known as the Ramna bog 
and located in Bassholma south of the Hallandsas ridge in southern Sweden. 

_ In the present paper the study of the bog profile mentioned includes a geo- 
botanical description, pollen analysis, mineral composition, excess base and 
nitrogen content, and organic composition. On the basis of these parameters 
- conclusions as to the genesis of the bog are drawn. Of a special interest from 
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a geochemical point of view is the distribution and variation of the elements 
Si, Ti, Al, Fe, Mn, and P in connection with the geological development of the 
bog. A little remark: The heading of the chapter dealing with the chemical 
composition is called »Mineralogical Composition». This is often met with in 
literature but is confusing and should be avoided. Sture Landergren 


Minéralogie et cristallographie. 


Aaremiie, A. and Assarsson, G.: Gravimetrical determination of small 
amounts of tellurium in sulfur. — Anal. Chemistry 27, 1955, p. 1155. 


Aaremiie, A. und Assarsson, G.: Uber die Trennung von Molybdin und 
Wolfram durch Sublimation in Chlorwasserstoffatmosphar. — Zeitschr. f. 
anal. Chemie 144, 1955. S. 412. 


Assarsson, G. and Balder, A.: The poly-component aqueous systems con- 
taining the chlorides of Ca, Mg, Sr, K, and Na between 18 and 93°. — Journ. 
Phys. Chemistry 59, 1955, p. 631. 


Bergholm, A.: Oxidation av pyrit (Oxidation of pyrite). — Sthlm, Jern- 
kont. Ann, Arg. 139, pp. 531—549, 6 text-figs. English summary p. 548. 
Uppsala 1955. — The reaction between oxygen and pyrite in the presence of 
aqueous solutions. The mechanism of spontaneous ignition. 

Author’s abstract 


Brotzen, Otto: Some microstructures in jasper from the Langban Mine, 
Sweden. — Sthlm, G. F. F. Bd 77, 1955, pp. 275—283, 4 text-figs., 4 plates. 
— In jasper from Langban, Sweden, a number of small structural details 
such as stratification, ellipsoidal bodies, shrinkage cracks, growths stages of 
quartz crystals and metasomatic replacements by hematite are met, and 
described and depicted. An analysis of the order of formation and an inter- 
pretation of the details are given. It is concluded that the Langban iron 
deposit is of sedimentary origin. An ultimate volcanic source of the iron and 
silica is discussed. Author’s abstract 


Dahlgren, Sven-Erie : On the break-down of thixotropic materials. — Géte- 
borg, Chalmers Tekn. Hégsk. Handl. Nr 159, 1955, 18 pp. 8 text-figs. 

Also as: Acta Polytechnica, Nr 171. — Based on the experimental work 
carried out by Green and Weltmann an analytical treatment of the thixo- 
tropic break-down has been made. To fully characterize a thixotropic Bing- 
ham body no less than eight constants are necessary. The process can be de- 
scribed in one single diagram. It is shown that all thixotropic Bingham and 
Newtonian bodies must have a non-thixotropic region. A condition for a time- 
dependant break-down is a delay in the appearance of thixotropy. 

Author’s abstract 


Edstrém, J. 0. och Bitsianes, G. : Diffusion i fast fas vid reduktion av magne- 
tit (Solid state diffusion in the reduction of magnetite). — Sthlm, Jernkont. 
Ann. Arg. 139, pp. 451—465, 7 text-figs. English summary pp. 463—464. 
Uppsala 1955, — Isothermal solid state reaction between iron and magnetite. 
Transport capacities for dense wiistite layers. Marker studies of mass transport. 
Self-diffusivity of iron in wiistite. Comparison between oxidation processes 
of iron and reduction of dense magnetite and hematite. 

Abstract of the authors 
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Gabrielson, 0.: The crystal structure of finnemanite. — Sthlm, K. V. A. 
Ark. f. mineralogi o. geologi. Bd 2 nr 1, pp. 1—8, 1 text-fig. Uppsala 1955, — 
Cell dimensions, space group and atomic parameters are determined, No 
structural relations to mimetite are found. O. Gabrielson 


Lindner, Roland: Bildning av silikater och dubbeloxider genom reaktion 
i fast fas vid héga temperaturer och deras undersékning med radiotracers 
(Investigation of solid reactions in oxide systems with radio tracers). — Sthlm, 
G. F. F. Bd 77, 1955, pp. 396—401, 4 text-figs. Abstract in German and 
English, p. 396. — Whilst the phase boundary reaction and the rapid diffusion 
in a freshly formed reaction layer formed between reaction solids is hardly 
apt to detailed theoretical treatment, the final stage of the reaction, viz. 
the diffusion in a comparatively thick and stabilized reaction layer can be 
treated theoretically according to a suggestion forwarded 1936 by C. Wagner. 
Wagner’s theory, proposing the rate-determining diffusion of cations not 
only in the case of tarnishing of metals but also in the case of formation of 
spinels and silicates in the solid state, can be examined by diffusion measure- 
ments using radiocative tracers. This has been done by us for a number of 
systems, zinc-iron spinel being the first and best investigated one. The diffu- 
sion measurements as well as the determination of the distribution of reaction 
products on both sides of the original contact phase is in accordance with 
Wagner’s theory in this case, whilst in the case of the formation of other 
spinels as well as of several silicates the theory could not be proved. 

Author’s abstract 


Ljunggren, Pontus: Differential thermal analysis and X-ray examination 

of Fe and Mn bog ores. — Sthlm, G. F. F. Bd 77, 1955, pp. 135—147, 3 text- 

_ figs. — The mineralogical composition of Fe bog ores has been examined. 

Differential thermal analysis revealed an endothermic reaction much lower 

than that of both lepidocrocite and goethite, but X-ray analysis gave the 

pattern of goethite. The Mn bog ores were shown by the aid of differential 

thermal analysis to consist of hydrated compounds. X-ray analysis revealed 
the presence of delta-MnO,, and of manganous manganite in one sample. 
Author’s abstract 


Ljunggren, Pontus: An occurrence of gypsum crystals and jarosite in a 
gravel hillock, west of Billingen, Sweden. — Sthlm, G. F. F. Bd 77, 1955, 
pp. 284—288, 3 text-figs. — A part of the gravel material consists of pebbles 
of alum shales which are split along planes covered with gypsum crystals. 
The gypsym crystals are often accompanied by earthy masses which after 
X-ray examination were identified as jarosite hitherto not reported from 
Sweden. E. Ahman 


Lundin, Sten Tore: Electron optical and X-ray studies on the formation 
of porcelain; formation and microstructure of the mullite phase. — Sthlm, 
G. F. F. Bd 77, 1955, pp. 404421, 11 text-figs. — Using X-ray diffraction, 
optical and electron optical methods, it is possible to make reliable obser- 
vations and measurements on the phase composition and phase distribution 

in fired kaolins and whiteware bodies. The methods are briefly discussed 
_and it is then demonstrated that the mullite in fired kaolins, contrary to the 
prevailing opinion, is formed between 1 000° C and 1 200° C and completely 
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developed even after only a short time at 1 200°C. The chemical mullite 
analysis fails here completely. The use of the replica method for studying 
the microstructure in the optical and the electron optical microscope is also 
demonstrated with examples from electrical porcelains. The distribution of 
the mullite phase in the porcelain body is determined by the original compo- 
sition with respect to clay, feldspar and quartz. The appearance of the mullite 
crystals formed in the clay fields is quite different from the mullite crystals 
in the feldspar fields. Only part of the mullite phase is visible in the ordinary 
light microscope. Author’s abstract 


Norin, Erik: The mineral composition of the Napolitan yellow tuff. — 
Stuttgart, Geol. Rundschau, Bd 43, 1955, pp. 526—534, 2 text-figs. Deutsche 
Zusammenfassung, p. 526, 


Sundius, Nils : Spinell och skapolit fran Forsby kalksten (Spinel and scapo- 
lite from the limestone at Forsby) — Sthlm, G. F. F. Bd 77, 1955, p. 633, — 
At Forsby limestone quarry in Sédermanland occurs a black spinel that the 
author has determined as a gahnite. A partly disintegrated scapolite in the 
limestone is characterized as carbonate meijonite relative poor in marialite. 

, E. Ahman 


Sundius, N.: Mikroskopische Untersuchung von Keramik-Scherben aus 
der Wikingerzeit und dem friihen Mittelalter. — Exkurs in: Selling, Dagmar: 
Wikinger-Zeitliche und friih-mittelalterliche Keramik in Schweden. 1955, 
S. 244249. — In den untersuchten 80 Scherben konnte eine Gruppe (Typ II) 
ausgeschieden werden, die ausser gewohnlichem eckigen Sand- und Moranen- 
material oder Zertriimerungsgut auch wohl abgerundete Quarzkérner als 
Magerungsmaterial enthalten, die von einem losen Sandstein herstammen. 
Die entsprechende Keramik wird als aus dem Auslande oder aus siidostlichem 
Schonen herstammend angenommen. Typ I mit ausschliesslich eckigem oder 
kantengrundetem Magerungsmaterial diirfte Keramik von Skandinavien 
und dem Auslande umfassen. Eine kleine dritte Gruppe mit spezielle Formen 
und Kornverteilung des Sandes ist wahrscheinlich auslandischer Herkunft. — 
In wenigen Fallen wurden Minerale und auch Fossile angetroffen die innerhalb 
gewisser Grenzen eine Bestimmung der Herstellungsort der Keramik erlauben. 

N. Sundius 


Minerais 


Alarik, Axel L:son: Undersékning och virdering av mineralfyndigheter 
och gruvféretag (Investigation and valuation of mineral deposits and mine 
undertakings). — 134 pp. Filipstad 1955. — The author gives a short insight 
into Swedish mining law and passes over to describe how to examine deposits 
and effect selections of samples. Good advice is informed about applications 
for preliminary claims and claims and valuations of deposits. EH, Ahman 


Barbosa, A. Licinio de M.: Geology of the iron ore deposits of Central 
Minas Gerais. — Sthlm, G. F. F., Bd 77, 1955, pp. 444445. 


_ Moberg, Carl-Axel: Varifran kommer birnstenen i Sydeuropas brons- och 
jarnaldersgravfynd? (Woher kommt der Bernstein in den Funden aus der 
Bronzezeit und der Hisenzeit in Siid-Europa?). — Sthlm, Fornvannen 1955, 
pp. 126—128. Uppsala 1955, — Der Verfasser geht von den Analysen aus, die 
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Helm 1885 iiber Bernstein aus den Schachtgrabern in Mykiine ausfiihrte, 
welche zu jener Zeit von grundlegender Bedeutung wurden fiir die Auffas- 
sung, dass der Bernstein aus baltischen Vorkommen herriihrte und die Bezie- 
hungen der nordischen Bronzezeit mit Siid-Europa wiederspiegelte. Er 
referiert die neueren Arbeiten iiber vorgeschichtlichen Bernstein in Siid- 
Europa, besonders aus etruskischem Milieu, und findet dass mit der Ent- 
deckung von natiirlichen Vorkommen von Bernstein in verschiedenen Lin- 
dern Europas die endgiiltige Lésung der wichtigen Frage tiber die Herkunft 
des siideuropiischen Bernsteins noch weitere Untersuchungen erfordert. 
K. E. Sahlstrém 


*Nystrém, E. T.: Jarnframstillning i Kina forr och nu, jamte en kort 
beskrivning av Kinas viktigaste jirnmalmer och deras olika typer (Iron 
industry in China in olden times and at present, and a brief description of the 
main iron ores of China and their different types). — Sthlm, G. F. F. Bd 77, 
1955, pp. 639—640. 


Syenke, Erik : Uranférekomster och uranindustri (Occurrences of uranium 
and uranium-industry). — Sthlm, Kosmos, Bd 33, 1955, pp. 134—147, 
4 text-figs. 

Svenke, Erik : Svensk skiffer som uranravara (Swedish shale as raw material 
for uranium). — IVA, Arg. 26, 1955, pp. 75—80, 2 text-figs. English abstract 
p. II. — The amount of uranium that can be extracted from Swedish shale. 
Comparison between the energy equivalent with this uranium and the pres- 
ent energy consumption in Sweden, Principal flow sheet for uranium pro- 
duction from shale. AB Atomenergi’s plant at Nairkes-Kvarntorp. The im- 
portance of uranium cost for atomic energy production. Estimation of future 
uranium demand in Sweden for power generation. Author’s abstract 


Odman, Olof H.: Morro da Mina manganese deposit and its protore. — 
Rio de Janeiro, Engenharia, Mineracao e Metalurgia, Vol. XXI, No 122, 
1955, p. 57. 


Géologie appliquée 


Andersson, Yngve: Limnologisk undersékning av Ronnebydns nedre lopp 
(Limnologische Untersuchung des unteren Laufes von Ronnebyan). — 117 pp., 
20 text-figs. Karlshamn 1955. 


Beskow, Gunnar: Stegring av konsolideringshastigheten i knadad lera 
(Increase of speed of consolidation of molded clay). — Sthlm, G. F. F. Bd 
77, 1955, pp. 46—52, 3 text-figs. English abstract p. 46. — The paper presents 
some experiments concerning the thixotropic consolidation process in sedi- 
mentary clay, its speed variation with temperature. Regaining of shear 
strength when a molded sample is kept undisturbed and protected from 
evaporation at different temperatures, increases with rising temperature, 
the speed difference between + 4°C and + 90°C being some 100 times. 
The reason must be the increased thermal agitation of water, accelerating 
the arrangement within the clay-water system. Author’s abstract 


_ Beskow, Gunnar : Systemet lera—mineralolja—vatten; nagra forsdksresultat 
och synpunkter (The system clay—mineral oil—water; some results of experi- 
ments and some points of view). — Sthlm, G. F. F. Bd 77, 1955, pp. 376—379. 


. 
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Bjorling, Gotthard: Hydrometallurgiska metoder som komplement till! 
anrikning (Hydro-metallurgic methods as complement to concentration). —- 
Sthlm, Tekn. Tidskr. Arg. 85, pp. 333—337. Norrképing 1995. 


Ekstrom, Gunnar: Alnarpsstrémmen, Ett vattenrattsligt problem (The: 
Alnarp ground water stream as a water law problem). — Uppsala, Grundfor-- 
battring, Arg. 8, 1955, pp. 170—181, 3 text-figs. 


Esping, Lars-Erik : Gruskonsumtionen och rullstensasarna (The consump-: 
tion of gravel and the Glacio-fluvial eskers). — Sthlm, Sv. Naturskyddsforen:s: 
arsb. Arg. 46, 1955, pp. 153—171, 1 text-fig. Uddevalla 1955. 


Esping, Lars-Erik: Rullstensisarna och grundvattenforsérjningen (The: 
Glacio-fluvial eskers and the supply of subsoil-water). — Sthlm, Sveriges: 
Natur, Arg. 46, pp. 138—139, 1 text=fig. Uddevalla 1955. 


Fellenius, Bror: Laboratorievagn pa rals fér geotekniska undersdkningar'| 
(A laboratory car on rail for geotechnical investigations). — Sthlm, G. F. F. 
Bd 77, 1955, pp. 61—63, 3 text-figs. English abstract p. 61. — Soil samples. 
taken at investigations by the geotechnical division of the Swedish State 
Railways are generally transported by rail to the laboratory at Stockholm. 
During the transport the samples will be partly damaged. Therefore a labo- 
ratory car on rail has been constructed, This laboratory car is equipped with 
one compartment for laboratory tests and one compartment for smaller 
repairs of borers etc., and has also borers for general investigations in the field, 
The car is also useful at slides or in other cases of emergency. 

Author’s abstract 


Fellenius, Bror: The landslide at Guntorp. — Géotechnique, Vol. 5, pp. 
120—125, London 1955. — The landslide at Guntorp, north-northeast of 
Goteborg, Sweden, was due to an excessively high shearing stress developed 
in postglacial clays of the area. From Ann, Bibl. Econ. Geol. 


Grudemo, A.: Diskussion zum Vortrag von K. Jasmund iiber kolloidalen 
Kornklassen in Tonen und eine Methode zur Kornanalyse. — Sthlm, G. F. F. 
Bd 77, 1955, 8. 8370—375, 4 Textfig. 


Hagerman, Tor H.: Kvartiira leror som nyttiga ramaterial i industri och 
teknik (Swedish Glacial and Postglacial clays utilized as raw material), — 
Sthlm, G. F. F. Bd 77, 1955, pp. 384—391, 2 text-figs. — After having dis- 
cussed existing deposits, genetics and petrography principally with reference 
to the literature a report is made on the most essential applications of said 
clays particularly in construction engineering and the production of building 
material (bricks etc.), Data from the State Road Institute of Sweden verify 
the comprehension obtained from agrogeological maps referring to the grain 
size of the clays in various districts of the country. Deviations in the relation 
between the disintegration time and the plasticity expressed as the water 
content difference at two different strengths (Vj >—Vjq9) would indicate 
still unknown differences in the composition. After having examined the 
grain size analyses of the Brick Laboratory it has been proved that most 
Swedish brick clays have a low degree of sorting and mostly show a coars¢ 
grain size. In this connection the problem of suitable clays for moulds used in 
the production of cast iron and brass etc. is of evident interest. It would be 


Bd! 785 Hi. 4] REVUE ANNUELLE 1955 595 


of great value if reliable standard qualities made of these Swedish clays were 
available in the market for applications referred to in this article. 
Author’s abstract 


Jagitseh, Robert : Kornstorleken och dess betydelse for utbytet vid pulver- 
reaktioner (Die Bedeutung der Korngrésse fiir Pulverreaktionen). Sthlm, 
G. F. F. Bd 77, 1955, 8. 401—404. Deutsche Zusammenfassung 8. 401, — 
Die Grosse des chemischen Umsatzes in technischen Pulvern kann aus der 
Korngréssenverteilung des Pulvers und aus der exact bestimmten Reaktions- 
geschwindigkeit berechnet werden. Zusammenfassung des Verfassers 


Jasmund, Karl: Spezielle Probleme bei der Abtrennung von verschiedenen 
kolloidalen Kornklassen in Tonen und eine zweckmiassige Methode zur Korn- 
analyse. — Sthlm, G. F. F. Bd 77, 1955, 8. 349370, 13 Textfig. 


Kjellman, W. : Do slip surfaces exist? — Géotechnique, Vol. 5, pp. 18—22, 
disc. pp. 48—54. London 1955. — Discusses factors affecting the stability 
of slopes and concludes that slip surfaces do not exist. A slope in a brittle 
soil fails by an excessive change of angle within a very thin rupture layer, 
whose width depends on the grain size of the soil. A slope in a tough soil 
fails by an excessive change of angle within a thicker zone, 7. e. rupture region, 

_ whose width depends on the dimension of the soil mass and on the load. 
From Ann. Bibl. Econ. Geol. 


Kjellman, W.: Mechanics of large Swedish landslips. — Géotechnique, 
Vol. 5 pp. 74—78, disc. pp. 86—87. London 1955. — Describes the mechanics 
of both progressive landslides (slides that grow in the direction of their own 
motion) and retrogressive landslides (slides which grow in a direction opposite 
to the direction of movement), From Ann. Bibl. Econ, Geol. 


Kjellman, W.: Investigation of clay slopes in the Géta river valley. — 
Géotechnique, Vol. 5, pp. 164—166. London 1955, — Reports on methods 
used in investigations in the Géta river valley, Sweden, on the pressure of 
water in sand or silt lences intercalated in clays (considered the principal 

_ factor contributing to landslides in the valley) and the shear strength of the 
soil, From Ann. Bibl. Econ. Geol. 


Kjellman, W.: Effects of ground-water on stability of natural slopes in 
Swedish clay soils. — Géotechnique, Vol. 5, pp. 167—169. London 1955. 


_ Kjellman, W. and Jacobson, B.: Some relations between stress and strain 
in coarse-grained cohesionless materials, — Royal Swedish Geotechn, Inst. 
Proceedings No. 9. 42 pp., 25 text-figs. Sthlm 1955. — Two large-size testing 
apparatuses were designed for grain sizes up to about 5 cm. Four materials 
were tested, viz., fine and coarse pebbles, and fine and coarse macadam, 

From the summary of the authors 


Mohrén, E. : Grusdsar och grundvatten, speciellt pa Vastgétaslatten (Glacio- 
fluvial eskers and subsoil water, especially in the lowland of Viastergétland). 
-— Sthim, Sv. Naturskyddsforen:s Arsb., Arg. 46, 1955, pp. 172—175. Udde- 
valla 1955. . 
_ Norin, Rolf: Nagot om de svenska prekvartéra lerornas mineralogiska 
och industriella anvandning (On the mineralogical and industrial use of 
Swedish pre-Quaternary clays). — Sthlm, G. F. F. Bd 77, 1955, pp. 879—3880. 


- 39—563060. G. F.F. 1956. 
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Rengmark, Folke: Ny metod for bestamning av kornstorleksfordelning 
genom s. k, tvattsiktning (New method for determining the grain size distri- 
bution by means of wet sieve testing procedure). — Sthlm, Sy. Vagforen:s 
Tidskr., Arg. XLII, pp. 55—58, 4 text-figs. English abstract, Norrtiilje 1955, 

Rengmark, Folke: Ny metod for bestamning av kornstorleksfordelning 
genom s. k. tvattsiktning (New method for determining the grain size distri- 
bution by means of wet sieve testing procedure). — Sthlm, G. F. F., Bd 77, 
1955, pp. 52—58, 4 text-figs. English abstract p. 52. — A mechanical appa- 
ratus has been devised which standardises the wet sieve testing procedure. 
A great number of samples can be tested in the apparatus at the same time, 
which has made the method work- and timesaving. Without leaving the 
sampleholder the samples can be weighed, dispersed, washed, dried, and 
again weighed. During the washing procedure the sampleholder is rotated 
and a jet of water is directed against the sieve (0.074 mm) from the inside of 
a sieve cornet. In this way, particles will not remain in the sieve meshes and 
the fine grained material can easily pass the sieve and run away. A new 
weighing method has also been devised. The results of weighing can be read 
on the balance in percentage by weight and the results can be plotted directly 
in a grain-size distribution diagram without any calculations. 

Author’s abstract 


Saare, Erik och Wenner, Carl-Gésta: Karnfysikaliska metoder for bestam- 
ning av volymvikt och vattenhalt (Nucleophysical methods for determination 
of weight density and moisture content). — Sthlm, Statens nimnd fér bygg- 
nadsforskning: Rapport 30, 1955, 22 pp. 18 text-figs. — A synopsis of me- 
thods and experimental results from abroad. C. G. Wenner 


Sandford, Folke: Termodiffusion i leror (Thermal diffusion in clays), — 
Sthlm, G. F. F. Bd 77, 1955, pp. 392—396, 1 text-fig. English abstract p. 392. 
— A. Luikov found in the study of plastic clays that the moisture gradient 
was opposite to the temperature gradient when a sphere of clay was heated 
in a saturated atmosphere so that evaporation was prevented. This thermal 
diffusion brought about so high a moisture gradient that the sphere cracked 
at the surface. In the case of a brick clay from Stallarholmen, Seladn, Malaren, 
we have found that the moisture gradients brought about by the thermal 
diffusion was much lower than those found by Liukov and of no technical 
importance of cracks in the bricks during the drying process. 

Author’s abstract 


Silfverberg, Lennart: Influence of organic matter on differential thermal 
analysis of clays. — Royal Swedish Geotechn. Inst. Proceedings No. 11. 
37 pp. 22 text-figs. Sthlm 1955. 


Thunmark, Sven: Limnologiens betydelse fdr lésandet avy vattenférore- 
ningsproblemen (The importance of limnology for the problems concerning 
pe of water). — Ing.Vet.Akad. FKO-medd. nr 19, 19 pp. 8 text-figs. 

thlm 1955, 


Tullstrém, Helge: Hydrogeologiska forhallanden inom Slite k6ping pa 
Gotland (Hydrogeological conditions of the Slite area in the island of Gotland). 


— Sthim, 8. G. U. Ser. ©. N:o 538 [= Arsh, 48 (1954) No 3] 1955, 28 pp.\ 
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10 text-figs. English abstract p. 3. — The rocks of the region are mainly 
marl and marly limestone. In a few hills limestone rests ‘upon the marl as 
erosive residue. Probably the marl is about 43 metres thick and underlaid 
by another limestone which is an aquifer. The thickness of this limestone 
is unknown. Aquifers in Quaternary deposits are only met with in the valley 
at File and Ytlings. The water-supply is about 200 cubic metres/day. The 
waterworks of Slite pump from two wells which reach down to the limestone 
aguifer. They yield about 2700 l/h. m. The drawdown of the piezometric 
surface could be noticed in the area of influence. The salinity of the water from 
the wells is rather high and will rise when the drawdown exceeds 7 metres. 
Continuously about 450 cubic metres/day may be taken from the wells 
corresponding to an infiltration area of 3.3 square kilometres. Some springs 
at Dyhagen yield about 180 cubic metres/day. Salt water (containing more 
than 300 p.p. m. of clorine) is found near the surface in an area, The occurrence 
of the salt water is independent of the stratigraphy but it probably depends 
on hydrostatical and tectonic matters. From the author’s abstract 


Tullstrém, Helge : Oversikt av Sveriges Grundvattenforhallanden (Review 
of the Ground Water conditions of Sweden). — Ing.Vet.Akad: Aktuella 
problem inom vattenvarden. FKO-Medd. Nr 19, pp. 22—28. Sthlm 1955, — 

The paper deals with the hydrogeologic properties of the glacial drift and the 
bedrock in Sweden and with the selection of drilling sites in general on the 
basis of geologic and hydrologic viewpoints. It is written for well drillers 
and water supply engineers. H. Tullstrom 


Tullstrém, Helge : Tatningslocket, en brunnshygienisk anordning (Hygienic 
construction to tight wells). — Vattenhygien nr 1, 1955. 


Tynelius, Sven : Den stora 4sdéden — en inventering av eskilstunatraktens 
sand- och grusfyndigheter och ett forslag till fridlysning (The great death of 
Glacio-fluvial eskers — a stock-taking of the occurrences of sand- and gravel 
in the Eskilstuna region, and a proposal for preservation).— Sthlm, Sveriges 
Natur, Arg. 46 Nr 3 pp. 67—72, 4 text-figs, Uddevalla 1955. 


Vattenvarden, Betainkande angaende organisations- och lagstiftnings- 
fragor m. m. avgivet av Vattenvardskommittén (Wasserpflege. Gutachten 
iiber Organisations- und Gesetzgebungsfragen u. s. w. abgegeben von der 
“Wasserpflegekommission). — Statens offentliga utredningar 1955: 6 Jord- 
_pbruksdepartementet. 133 pp. Sthlm 1955, 


Wenner, Carl-Gésta och Saare, Erik: Grundforstirkning genom vibrering 
“under vatten (Vibroflotation for consolidating soil underneath foundations). 
— Sthlm, Byggmastaren, Arg. 33, 1954, pp. 201—210, 17 text-figs. English 
“summary. — Laboratory and field tests were made of the possibility of back- 
filling the excavated area with pure sand and pure gravel. The following 
observations were made: both gravel and fine sand with a fairly high content 
of fine particles (30 % less than 0,074 mm. sieve) can be consolidated suffi- 
ciently under water by using an ordinary concrete vibratory device. It is 
| also possible to increase the bearing capacity of naturally layered loose sand 
Jeposits by vibroflotation. C. G. Wenner 
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Géologie des formations préquaternaires 
Géologie et pétrographie des roches cristallines 


Asklund, Bror: Marmorbruksomradets och Kolmardsmarmorns geologiska 
historia (The geological history of the Marmorbruket area and of the Kol- 
marden marble, »Swedish green marble»). — Marmorbruket pa Kolmarden, 
pp. 1—26, 8 text-figs. 1 plate. Norrképing 1955. — To the many valuable 
historical monographs dealing with the older Swedish mineral and mining | 
industry the old Marmorbruket Company (Nya Marmorbruks Aktiebolaget, 
Kolmarden) has delivered a very interesting volume. The marble industry 
of Sweden was founded in the year 1673 in connexion with the new building 
works upon the old Royal Palace at Stockholm under the great Swedish 
architect Nicodemus Tessin the younger. — The present author gives a 
comprehensive description of the geology of the marble-bearing field at Kol- 
marden in the province of Ostgothland. The green-coloured marble forms. 
layers in the oldest Archean gneisses belonging to the »leptite»-formation, 
The marble-layers show a very complicated tectonic, resembling to »Salt- 
tectonics». The metamorphic processes have transformed an original lime- 
bearing sediment to a mineral-rich marble with pyroxenes and amphiboles 
and several other silicates. By diaphtoritic processes these minerals have 
been transformed into green serpentine which is the colouring element of 
the famous marble. B. Asklund 

Kautsky, Fritz: Der Bau des Westrandes der svionischen Leptitzone im 
Gebiet der Zinkgrube von Ammeberg. — Sthlm, G. F. F. Bd 77, 1955, 8. 161 
—184, 3 Textfig. — Die im wesentlichen E—W streichenden Svioniden be- 
ginnen ca. 35 Kilometer, dstlich des Ostufers des Vattern, im Untersuchungs- 
gebiet einen gegen Westen immer breiter werdenden, flachen Antiklinal- 
flacher zu bilden, der im Siidteil gegen Siidwesten und im Nordteil gegen 
Nordwesten streicht. Auch E—W @ streichende Grossstrukturen kommen 
iiberall vor. Besonders stark hervortretend sind aber N—S gerichtete Struk- 
turen. Solche fehlen in den éstlicheren Teilen der Svioniden. Die ganze Ober- 
flache dieser miteinander interferierenden Grossantiklinalen und Gross- 
synklinalen ist durch steil stehende, isoklinale Spitzfalten intensiv gerunzelt. 
Das Fallen der gegen Norden und Nordwesten streichenden Falten ist vor- 
wiegend gegen Westen und Siidwesten, das Fallen der gegen Westen und 
Siidwesten streichenden Falten meist gegen Siiden und Siidosten gerichtet. 
Das Siid- und Siidostfallen der Schichtkomplexe muss auf die svionische 
Druckrichtung zuriickgefiihrt werden. Die N—S streichenden Strukturen 
miissen durch einen Druck von Westen entstanden sein. Da die svionische 
Migmatisierungsepoche jiinger als die Faltenbildung ist, kann der Druck von 
Westen nicht in Zusammenhang mit der spiiteren gotischen Faltung westlich 
der Svioniden stehen. Die Svioniden haben daher nie die heutige Grenze 
Gotiden-Svioniden iiberschritten. Ein Druck von Westen muss gleichzeitig 
mit dem svionischen Druck von Siiden gewirkt haben. Die Grenzlinie Svioni- 
den-Gotiden war schon wahrend der svionischen Faltung eine aktive Grenz- 
linie. Zusammenfassung des Verf. 


Kautsky, Gunnar: Die Anorthosite des Sulitelma—Salojauregebietes, 
Kaledoniden, Nordschweden (The anorthosites of the Sulitelma—Salojaure 
region, Caledonides, Northern Sweden). — Sthlm, G. F. F., Bd 77, 1955, 
8. 204—208. English abstract p. 204. — From the big Seve nappe three occur- 
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rences of meta anorthosite are described. One, situated in the Pieske nappe, 
1s younger than the Upper Ordovician Laotak series. Intrusive anorthosites 
in the Vasten nappe are younger than schists of Lower Ordivician age. In the 
Gasak nappe, anorthositic rocks occur as pebbles and boulders in polygeneous 
basal conglomerates of the Upper Ordovician Laotak series and as traces 
of the deeply weathered anorthositic basement of the nappe beneath the 
conglomerates. Here the anorthosites are older than the other occurrences of 
the region. They are of Pre-Upper Ordovician age. They may have been formed 
during the Ekne disturbance, which has been compared with the Taconic 
orogenesis in North America, but it is also possible that they belong to the 
Pre-Cambrian basement of the Gasak nappe. The several anorthosites described 
from a restricted area such as the Sulitelma—Salojaure region show, that 
these rocks abundantly occurring in the western parts of the Caledonides, 
might be of different age. Author’s abstract 


Kolderup, N.-H.: Sammenhengen mellom skifre, gneiser og eklogitter i 
»Nordvest-tavlen» (Genetic connection between schists, gneisses and eclogites 
in the »Northwest Block», Southern Norway). — Sthlm, G. F. F. Bd 77, 1955, 
pp. 257—264, 3 text-figs. English abstract p. 257. 


Ljunggren, Pontus: A kaolinized fault zone in gneiss at Letafors, northern 
Vermland. — Sthlm, G. F. F. Bd 77, 1955, pp. 265—274, 4 text-figs. — An 
argillized zone, ten metres wide, was discovered at tunnel workings in gneiss 
at a depth of about 100 metres. The argillized rocks have been examined 
microscopically and by means of differential thermal analysis and X-ray 
powder analysis, revealing the dominance of kaolinite and quartz together 
with biotite, partly chloritized. Small remnants of microcline are still to be 

seen, Slip faces in the kaolinized rocks have often a thin coating of montmo- 
rillonite. The age of the kaolinization is discussed. Author’s abstract 


Staargaard, J. A.: Geology and petrology of the southeastern Borgafjall, 
_Jamtland, Sweden. — 119 pp., 40 text-figs., 1 plate. Dutch summary pp. 
11—16. Assen 1955. — The area considered is situated in the high mountains 
to the south of the Borgasj6 on the border of Jamtland and Vasterbotten. 
It is included in the eastern part of the big allochthonous Seve-Complex of 
the Caledonian range, and is built up by higher metamorphic rocks—mostly 
of sedimentary origin. The mapped region, about 150 sq km, constitutes 
a wide syncline with a slight axial plunge towards N.W. On account of petro- 
graphical criteria six different »formations» have been separated in this area. 
1. Metamorphic arkoses. 2. Amphibolite-bearing metamorphic arkoses, 3. 
»Hartschiefery-bearing gneiss formation. 4. Amphibolite formation. 5. Amphi- 
lobite-micaschist formation. 6. Micaschist formation. Formations 1. and 3. 
are supposed to be of the same age as the non-metamorphic sparagmites 
further East, while formations 2., 4. and 5., though fossils are lacking, are 
discussed to be of Ordovician age. The age of formation 6. is quite uncertain. 
Formations 1. and 3. are intruded by several diabases and formation 2. is 
penetrated by peridotites. Goran Stalhés 


{ Odman, Olof H.: A pre-Cambrian conglomerate with pebbles of deep-seated 
rocks near Sao Paulo, Brazil. — Rio de Janeiro, Engenharia, Mineracao e 


Metalurgia, Vol. XXI, No 121, 1955, p. 32. 


600 R. SANDEGREN [Nov.—Dec. 1956 


Géologie et pétrographie des formations postarchéennes 


Bohlin, Birger : The Lower Ordovician limestones between the Ceratopyge 
shale and the Platyurus limestone of Béda Hamn. With a description of the 
microlithology of the limestones by Valdar Jaanusson, — Bull. Geol. Inst. 
Upsala, Vol. XXXV pp. 111—173, 14 text-figs., 10 plates. Uppsala 1953— 
1955. — The divisions distinguished in N. Oland during earlier field work 
were recognized in the core, though partly with a local aspect, the Obtusi- 
cauda limestone only with some hesitation. The fossils are scarce and the 
boundaries between the divisons are approximative and to a large extent 
based on lithological evidence. A fairly rich fauna with Megistaspis gigas 
from various localities in Oland (only for some part recovered from the 
core) was listed. Fossils described: Aristoharpes? rotundus n.sp., Megistaspis 
obtusicauda u.sp. (syn. Megalaspis centaurus Dalman p.p.), Pseudasaphus 
perstriatus n.sp., Pseudasaphus duplicatus n.sp., Niobe frontals Dalman, 
Niobe imparilimbata n.sp. 

In the microlithological part Jaanusson gives data on the contents of 
CaCO, P,O;, Fe,0,, sulphur, FeS,, grains of pyrites, glauconite, non-glau- 
conitic internal moulds, and size of grains in different parts of the core dealt 
with in the paper. - B. Bohlin 


Brotzen, F.: Occurrence of vertebrates in the Triassic of Israel. — Nature, 
Vol. 176, p. 404, 1955. 


Hessland, Ivar: Studies in the lithogenesis of the Cambrian and _ basal 
Ordovician of the Béda Hamn sequence of strata. — Bull. Geol. Inst. Upsala, 
Vol. XXXV, pp. 35—109, 4 text-figs. 7 plates. Uppsala 1953—1955, — 

This paper is based on a special investigation of a drill core from the northern 
part of the island of Oland and on previously published data, mainly from 
corings. The main purpose was to reconstruct the local environment of depo- 
sition and the changes of sea level during the Cambrian and basal Ordovician 
in a restricted area of the Baltic Sea region. The investigation is also intended 
to be a general contribution to the study of ancient environments, ; 

The present reconstructions are based on analyses of sediment and fauna. 
The fauna was examined by Waern (Bull. Geol. Inst. Upsala. Vol. 34. 1952)* 
the sedimentological investigation is reviewed hereunder. The assumption 
that reconstructions of ancient environments should be based on groups of 
coordinated indications is the leading principle in this work. Observations and 
analyses of thirty-three indicatory components are plotted and accounted for 
by means of frequency curves in a folding plate with direct reference to the 
sedimentary sequence. These indications may be classified in three main 
groups. One comprises the composition of the sediment with regard to grain 
size, sorting and other data based on size distribution, shape of particles, 
petrology, radioactivity, and chemistry. Bedding and other internal structures 
as well as »worm») tubes and borings of various kind may be referred to the 
second group. The third group includes surface structures, both inorganic 
and those formed by organisms. The indicatory value of the constituents is 
discussed. 

The following main types of environment during the Lower Cambrian 
were interpreted to have succeeded each other: 1. Tidal beach — 2. Tidal flat 
— 3. Tidal beach — 4. Tidal flat — 5. Mud-flat situated somewhat above 
normal high tide — 6, Supramarine aggradation flat, flooded occasionally 
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— 7. Bay with narrow mouth or shore-lake, passing into mud-flat and finally 
backshore — 8. Apparently land for the remaining part of the Lower Cam- 
brian. The influence of the tide seems to have been considerably less during 
the Middle Cambrian inundation. The lower part (about 24 m), braehiopod- 
bearing and richly laminated soft argillaceous shale, is interpreted to have 
been deposited under sheltered conditions, probably owing to enclosure to 
the south and south-east by a large bar extending from the Bornholm area 
to the Gotland area. The opening, probably situated in the Gotland area, was 
apparently narrowed and possibly closed due to the general tilting towards 
the south-west of the whole Baltoscandian region at that time. This is sup- 
posed to have caused the water in the Baltic basin to rise and to break through 
the conjectured bar somewhere south of northern Oland. This is indicated 
by a sudden strong invasion of an abundant trilobite fauna, Ellipsocephalus 
polytomus Linnarsson and the group of Paradoxides oelandicus Sjogren being 
the most frequent members. Correspondence to this invasion has not been 
observed in other parts of the Baltic basin. Temporarily, the following took 
place: grain size increased, sorting was better, roundness of quarts particles 
improved, and glauconite occurred frequently. The lamination so characteristic 
of the underlying section was not developed, thus indicating possibly in- 
creased salinity. The water was apparently shallow during the deposition of 
_ the entire shale sequence, which ended in Paradoxides paradoxissimus time. 
This zone is sandy farther to the south; the sand may be »blanketed» from the 
supposed Bornholm-Gotland bar. The remaining part of the Cambrian is 
not present. Only environmental indices of the stagnant black Ceratopyge 
shale of the Ordovician and the transitional layers to the limestone sequence 
are discussed; this has been treated by Bohlin and Jaanusson (Bull. Geol. 


Inst. Upsala. Vol. 35. 1955). Ivar Hessland 
Jaanusson, Valdar und Mutvei, Harry: Stratigraphie und Lithologie der 
unterordovizischen Platyurus-Stufe im Siljan-Gebiet, Dalarna. — Bull. 


Geol. Inst. Upsala, Vol. XXXV, pp. 7—34, 6 Textfig., 5 Tafeln. Uppsala 
1953—1955. 


Jénsson, Jén: Tillite in the basalt formation in East Iceland. — Geogr. 
Ann. Arg. XX XVII, 1955, pp. 170—175, 3 text-figs. Sthlm 1956. 


Késter, Erhard: Wasseraufnahme- und Wasserabgabevermégen von Lias- 
_ Gesteinen aus dem nordwestlichen Schonen. — Sthlm, G. F. F. Bd 77, 1955, 
S$. 327—346, 6 Textfig. — Die Untersuchung entstand auf Anregung des 
_ verstorbenen Professors G. Troedsson, der sich in letzter Zeit mit dem Wasser- 
- vorrat im Rhat-Lias von Nordwest-Schonen und seiner Nutzbarmachung fiir 
_menschliche Zwecke beschaftigte. Die Untersuchung zeigt, dass Porenvolumen 
und damit Wasserhéchstaufnahmevermégen wesentlich von dem Grad der 
_Verkittung der Hohlraume auf chemischem oder mechanischem Wege ab- 
_hangig sind, Die dadurch verursachten Schwankungen im Porenvolumen sind 
- grossflachig in gesetzmassiger Weise kaum zu erfassen, Sie kénnen sich auf 
_kleinem Raum Andern. Die praktische Ausnutzung des im Gestein enthaltenen 
_Wassers wird davon avhangen, ob und in welchem Umkreis der iiber einer 
-Entnahmestelle legende Druck einer Wassersdule in der Lage sein wird, das 
Wasser in Bewegung zu setzen, wobei der Grad der Beweglichkeit vom 
Umfang und Zusammenhang des Porensystems und vom Wechsel der Ge- 
steinsarten abhangig ist. EK. Koster 
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Malmborg, Gunnar: Geologiska iakttagelser inom det underkambriska 
omradet vid Torekov, NV-Skane (Geological observations in the Lower 
Cambrian area at Torekow, Northwestern Scania). — Sthlm, G. F. F. Bd 77, 
1955, pp. 289—816, 13 text-figs. 1 plate. — The paper gives a detailed map, 
and a description of the rocks (sandstones, arkoses, and conglomerates) of 
the area, its stratigraphy, and tectonics. Fossil traces of Dzplocraterion 
parallelum are described and pictured. R. Sandegren 


Martinsson, Anders: Die ordovizischen Geschiebe im Scharengebiet von 
Hangoé und Ekends im siidwestlichen Finnland. — Bull. Geol. Inst. Upsala, 
Vol. XXXV, pp. 175—189, 3 Textfig. Uppsala 1953—1955. 


Martna, Jiiri: Studies on the Macrourus and Slandrom formations I. 
Shell fragment frequencies of the Macrourus formation and adjacent strata 
at Fjicka, Grasgard and File Haidar.— Sthlm, G. F. F. Bd 77, 1955, pp. 
229—256, 11 text-figs. 2 plates. — The author has studied the role of shell 
fragments in the formation of some calcareous rocks belonging to the Middle 
Ordovician Ludibundus and Macrourus formations, and the Upper Slandrom 
formation in Sweden. The material has been collected in the central and 
southeastern parts of Sweden, at Fjaicka in Dalarne and (from erratic blocks) 
at Grisgard on the island of Oland. These localities are redescribed and the 
fossils found at each place are listed. In addition some samples from core 
drilling at File Haidar, island of Gotland, have been analyzed. The samples 
were analyzed with regard to the total amount of shell fragments larger than 
0.1 mm, the proportions of different phyla in this fraction, and the total 
amount of the insoluble residue which was mainly clay and silt. These values 
were obtained by dissolving samples in diluted hydrochloric acid, and by 
measurements of thin sections according to the Rosiwal method. The mean 
values of these constituents and the standard deviations are given for the 
principal rock types. The total amount of shell fragments in these rocks is 
below 20 per cent; they are thus calcilutites according to Jaanusson (1952). 
The total amount of shell fragments and the proportion of Pelmatozoa seem 
to be independent, of the amount of the insoluble residue, whereas the pro- 
portion of Arthropoda decreases, and that of Brachiopoda increases with an 
increasing amount of insoluble residue. Author’s abstract 


Reyment, R. A.: Zusitzliche Bemerkungen iiber die Stratigraphie Kame- 
runs. — Sthlm, G. F. F. Bd 77, 1955, 8. 424—426. 


Paléophytologie 


Bose, M. N.: Some Tertiary plant remains from Queensland, Australia, — 
Lund, Botan. Notiser, Vol. 108, 1955, pp. 381—390, 1 text-fig. 2 plates. 


Erdtman, G.: Pollen grains of cf. Ctenolophon from Tertiary deposits in 
India, — Lund, Botan. Notiser, Vol. 108, Fasc. 1, 1955, pp. 143—145, 5 text- 
figs. 


Lundbiad, Britta : Contributions to the geological history of the Hepaticae. 
II, On a fossil member of the Marchantiineae from the Mesozoic plant-bearing 
deposits near Lago San Martin, Patagonia (Lower Cretaceous). — Lund, 
Botan. Notiser, Vol. 108, Fasc. 1, 1955, pp. 22—39, 3 text-figs., 3 plates, 
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Oliver, W. R. B.: History of the flora of N 


New Zealand. — Sthlm, Svensk 
Botan. Tidskr. Bd 49, pp. 9—18, Uppsala 195 


5. 
Sen, J.: On some fructifications borne on Glossopteris leaves. — Lund, 
Botan. Notiser, Vol. 108, 1955, pp. 244252, 8 text-figs, 


Paleozoologie 


Bergenhayn, J. R. M.: Die fossilen schwedischen Loricaten nebst einer 
vorliufigen Revision des Systems der ganzen Klasse Loricata. — Lunds 
Univ. Arsskr. N. F. Avd. 2. Bd 51. Nr 8. Kungl. Fysiogr. Sallsk. Handl. 
N. F. Bd 66. Nr 8. Auch als: Skr. fr. Mineralog.- o. Paleontolog.-Geol. 
Inst. Lund N:r 22. — 44 S. 7 Textfig. 2 Tafeln. Lund 1955. 


Bohlin, Birger : Triceromeryx, an American immigrant to Europe. — Bull. 
Geol. Inst. Upsala, Vol. XXXV, pp. 1—6, 1 text-fig. 1 plate. Uppsala 1953— 
1955. 


Lindstrém, Maurits : The conodonts described by A. R. Hadding, 1913. — 
Menasha, Wis. Journal of paleontology, Vol. 29, N:o 1, jan. 1955, pp. 105— 
111, 1 text-fig. 1 plate. — The Swedish Ordovician conodont species erected 

_ by Hadding in 1913 are elucidated by new material. The types and typoides 
are embedded in shale and have been partly laid bare. Hadding’s valid genus 
Periodon has been entirely neglected by subsequent workers. 

Author’s abstract 


Lindstrém, Maurits: A serious misprint in the paper »Conodonts from the 
lowermost Ordovician strata of South-Central Sweden». — Sthlm, G. F. F. 
_ Bd 77, 1955, p. 212. 


Martinsson, Anders: Studies on the ostracode family Primitiopsidae, — 
Bull. Geol. Inst. Uppsala, Vol. XXXVI, pp. 1—33, 6 text-figs. 2 plates. 
Uppsala 1955. — A sample of primitiopsidae from the Mulde marl, probably 

_ uppermost Wenlockian of Gotland, is studied. Moulting and growth of Primiti- 
opsis planifrons Jones are recorded. A new genus, Clavoflabella, and two new 
species, C. multidentata and C. incurvata, are described. The material as 
background for a study of population dynamics is briefly discussed. A taxo- 
nomic survey of the Primitiopsidae is given. Author’s abstract 


Regnéll, Gerhard: Catopygus (Echinoidea) als Geschiebe im Quartiir 
-Schonens. — Sthlm, G. F. F. Bd 77, 1955, 8. 17—32, 1 Tafel, English abstract 
'§.17.— The Ahus sandstone has yielded the only species of Catopygus de- 
scribed hitherto from Sweden. A few observations are made on these as well 

as comments on the sparse references to C. in the Swedish literature and on 
the scanty fossil material available. Two specimens of C. from the drift of 
‘Scania are discussed with regard to position within the genus, and derivation. 
One from intermorainic gravel at Vallkirra is clearly distinct from previously 
known congeneric species. It is made type of C. injlatus n. sp. It is suggested 
that the specimen is derived from the White Chalk (Maastrichtian) of the 
Baltic depression, having been carried there by the Oresund (»Low Baltic») 
glacier and deposited by action of a stream of meltwater. A specimen from 
Sissebick, Blekinge, is referred to the new species, which may also be true of 
a specimen from Képinge. Another drift specimen, from near Arup, seems to 
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have a certain affinity to C. conformis DESOR, but no identification, or name, 
is proposed. The specimen, which very likely originates from the Ahus sand- 
stone, is supposed to have been brought to its find-spot by the Old Baltic 
glacier. From the author’s abstract 


Regnéll, Gerhard: Leiosphaera (Hystrichosph.) aus unterordovizischen 
Kalkstein in SO-Schonen, Schweden. — Sthlm, G. F. F. Bd 77, 1955, 8. 546— 
556, 5 Textfig. — Ein Massenvorkommen von Hystrichosphaeriden, und 
zwar eine reine Population von Leiosphaera wird beschrieben. 

R. Sandegren 


Reyment, R. A.: Some examples of homeomorphy in Nigerian Cretaceous 
ammonites. — Sthlm, G. F. F. Bd 77, 1955, pp. 567—594, 3 text-fig. Swedish 
summary pp. 590—591. — The prevailing conceptions of convergence, diver- 
gence and parallelism are discussed. Examples of homeomorphy in Nigerian 
Cretaceous ammonites belonging to the families Brancoceratidae, Schloen- 
bachiidae, Acanthoceratidae, Vascoceratidae, and Tissotiidae are reviewed 
and the influence of environment on homeo-morphy considered. The use of 
the ammonite shell as an indicator of environment is shown to be negligible 
on the basis of present scientific knowledge. Author’s abstract 


Tjernvik, T.: Nericiaspis, a new genus of proparian olenids. — Sthlm, 
G. F. F. Bd 77, 1955, pp. 209—212, 2 text-figs., 1 plate. 


Géologie quaternaire 
Dépots et phénomeénes glacials 


Antevs, Ernst: Climate of New Mexico during the last Glacio-pluvial. 
A reply. — Chicago, Journ. of Geol. Vol. 63, 1955, p. 195. 


Arnborg, Lennart: Ice-marginal lakes at Hoffelsjékull. — Geogr. Ann, 
Arg. XXXVII, 1955, pp. 202—228, 25 text-figs. 1 plate. Sthlm 1956. 


“Bergdahl, Arvid: Var rullstensas (The Glaci-fluvial esker of Kumla), — 
Kumla julblad, 11 pp. Kumla 1954. 


Bergstrém, Erik : British Ruwenzori Expedition, 1952. Glaciological obser- 
vations. Preliminary report. — Journ. of Glaciology, Vol. 2, No. 17, pp. 469— 
476, 14 figs. Cambridge 1955. 


Bjérsjé, Nils: Om blockvallar och klapperstensfilt pa Kosterdarna (On 
banks of boulders and fields of pebbles on the Koster islands). — Gothia 7. 
Also as: Medd. fr. Géteborgs Univ. Geogr. Inst. 47, pp. 66—81, 7 text-figs. 
English abstract p. 81. Géteborg 1955. — On the islands of Koster on the 
Swedish west coast there are great accumulations or fields of outwashed 
boulders, cocoanut-sized round stones, called »klapper», and pebbles. They are 
to be found along two lines, a westerly one and a more easterly one, The general 
direction of the lines is NW to SE, perpendicularly to the striae indicating 
the ice movement. The accumulations are glacio-marginal deposits of out- 
washed moraines and are probably continuations of two marked iceborder 
limes on the mainland. From the author’s abstract 


Bjorsj6, Nils: Om uppdimda sjéar och iindrade flodlopp p& Vastkusten 
(On Glacial and Preglacial drainage on the Swedish West Coast). — Géteborgs 
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Univ. Arsskr. Vol. LXI. 6. Also as Medd. fr. Goteborgs Univ. Geogr. Inst. 
Nr 50. 32 pp. 5 text-figs. English summary pp. 30—32. Goteborg 1955. — 
On the Swedish West Coast dammed lakes and disturbed drainage are com- 
mon. They originate from the marked ice-melting in ice-border lines. The 
valleys are often crossed by marginal deposits such as terminal moraines and 
glacio-fluvial deposits developed stage by stage from the coast to the interior, 
yet no further than to the rocky or hilly inland plateaus where the ice melting 
took a different course (a dissolution of dead ic ). Thus it is only in the mari- 
time country and in the valleys towards the Inland plateaus that the ice- 
border melting is regular and that is where the moraine dammed lakes are 
to be found. From the author’s summary 


Dahl, Eilif : Biogeographic and geologic indications of unglaciated areas in 
Scandinavia during the Glacial ages. — Bull Geol. Soc. of America, Vol. 66, 
1955, pp. 1499—1519, 4 text-figs. — Biogeographers and geologists have dis- 
agreed about the extent and thickness of the ice shield during the last glacial 
age in Scandinavia. Presence of west arctic species otherwise lacking in 
Europe and western Asia, marked endemism, and the concentration of rare 
species in two separate areas of the Scandinavian mountains indicate that 
much of the present arctic-alpine flora has survived the last glacial age in 
refuges along the Skandinavian coast and adjacent mountains. Fossil records 
indicate that conditions in South and Central Sweden were not favorable for 
immigration from the south of much of this flora during the deglaciation 
period, Other fossil records indicate that arctic-alpine plants grew in the 
mountains immediately after deglaciation. Unweathered erratics, glacial 
striae, etc., do not prove glaciation since they may have been deposited or 
formed during an earlier glacial age. Some geologists believe that frost split- 

- ting in arctic and high alpine localities is so rapid that glacial striae and erra- 
tics could not survive a glacial age in Scandinavia. The rapid frost splitting 
is thought to be due to frequent shifts of temperature around 0° C or to severe 
frosts in winter. Available meteorological observations do not confirm that 
such shifts are any more frequent in arctic or high alpine localities than in 
the valleys and plas of North Europe. Strong weathering has also been 
observed in localities with no severe winter frost. In the Peruvian Andes 
where frequent shifts around 0° C occur, weathering differs from that observed 
in Scandinavian mountains. The origin of mountain-top detritus, masses of 

large boulders weathered out in situ from the underlying rocks, is not com- 

_ pletely understood. It probably has formed during a very long weathering 

; cycle. From the author’s abstract 


De Geer, Ebba Hult : Geokronologi eller smamoranologi? (Geochronology 
or »small moraine geology»). — Sthlm, G. F. F. Bd 77, 1955, pp. 128—130. 
[Data 94.] — Critical remarks on a map of Quaternary geochronology in the 
-»Atlas dver Sverige» by G. Lundqvist. E. Fromm 


Gillberg, Gunnar: Den glaciala utvecklingen inom Sydsvenska hoglandets 
vistra randzon I. Glacialerosion och moranackumulation (Glacial erosion 
_and till accumulation in the Western Marginal Zone of the South-Swedish 
Highlands). — Sthlm, G. F. F. Bd 77, 1955, pp. 481—524, 18 text-figs. 
English summary pp. 518—521. — The effect of the glacial erosion is concen- 
trated in the great valleys; the plateaus have been only little affected. Many 
“of the original rock basins have been excavated by deepening as well as by 
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widening processes. Typical glaciated U-valleys have developed, but hanging 
tributary valleys are not common. As a rule, the till is lithologically of local 
origin, 7. e. from the southwest Swedish gneiss region. There occurs, however, 
especially in the basal till, a great number of fragments of sandstone, shale 
and limestone from the Cambro-Silurian region 10 kilometres north of the 
area. The distribution of the Cambro-Silurian material indicates that the ice 
has followed the great valley systems during the advance. Drumlins are 
situated proximally on the plateaus and they often form the top of these. 
They mostly occur in groups and lie in lines radiating towards the south. 
Their direction almost corresponds with that of the glacial striae. In some 
places the drumlins are connected to rocks but often no bedrock at all is 
seen on or along the sides. From the author’s summary 


Hillefors, Ake: Ellesbodsen. En morfologisk och stratigrafisk beskrivning 
(Ellesboasen. A morphological and stratigraphical description). — Gothia 7. 
Also as Medd. fr. Géteborgs Univ. Geogr. Inst. 45, pp. 5—40, 16 text-figs. 
1 plate. English summary pp. 35—40. Goteborg 1955. — The drumlinoid 
esker Ellesboasen belongs to the same formation as e.g. Désebackaplatan. 
The different layers are described and interpreted. By means of i. a. countings 
of pebbles and gravel grains they are shown to belong to certain ice streams. 
According to the striae along the Swedish West Coast there have been four 
different directions of ice movement in this district: 1) from the NW, 2) from 
the NNE, 3) from the NE, 4) from the ENE — E or even ESE. 

Jan Lundqvist 


Hjulstrém, Filip: The Hoffellssandur. The ground water. — Geogr. Ann. 
Arg. XX XVII, 1955, pp. 234—245, 7 text-figs. Sthlm 1956. 


Jonsson, Jén: On the formation of frontal Glacial lakes. — Geogr. Ann. 
Arg. XX XVII, 1955, pp. 229—233, 4 text-figs. Sthlm 1956. 


Jirnefors, Bjérn: Uppsalatraktens lersediment 1 anslutning till den nya 
geologiska kartan (The clay sediments of the Upsala region. Demonstration 
of a new geological map). — Sthlm, G. F. F. Bd 77, 1955, p. 224. Disk. Fromm 
ibid. p. 225. 


Jirnefors, Bjérn : Synpunkter pa kvartiira lerors genetik (Points of view 
on the genetics of Quaternary clays). — Sthlm, G. F. F. Bd 77, 1955, pp. 
381—384, 2 text-figs. English abstract p. 381. — Some notes are given about 
the genetics of clays from the Upsala region and the Gota river valley. Three 
types of clays appear — heavy clay, silty medium clay, and sandy lght clay 
— according to the granulometric composition which gives us informations 
about their settling environments. The distribution of CaCO, and Na in Glacial 
and Post-Glacial clay of Upsala are also discussed. Author’s abstract 


Lundqvist, G.: Raffelriktningar och rullstensasar (The direction of glacial 
striae and the glacifluvial eskers). — Sthlm, G. F. F. Bd 77, 1955, pp. 114— 
118, 1 text-fig. English abstract p. 114. — It is known that a young bothnian 
ice stream has passed Uppland. This is marked by the striae from about NNE. 
During geological mapping in the region of Vasteras the author found that 
these striae reach the esker called Badelundaasen. He then thought that this 
esker was the limit of the bottnian ice stream. But quite the same conditions 
were found on the geological map Uppsala: W of the esker Uppsaladsen the 
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directions of the striae were from about NNW but K of it from NNE. The 
author has now explained it in the following manner. Along the eskers (in N 
—S) a big and wide ravine was formed (that is known from recent glaciers), 
Because of that there was no resistance against the new »innery ice margin 
and it was then possible for the ice to bend towards the ravine. The problem 
is why the eastern stream is stronger. The author means that the great ice 
ravine was filled with fog in the mornings and therefore the sun could not 
shine on the western walls of the ravine. Later in the daytime the sun shone 
on the eastern walls and the wastage there was greater. Because of that the 
ice could deviate more to the ravine and the erosion was stronger. 
Author’s abstract 


Lundqvist, G.: Geokronologi och smamordnologi (Geochronology and 
ysmall moraine geology»). — Sthlm, G. F. F. Bd 77, 1955, pp. 213—214, — 
An answer to E. H. De Geer about the principles of construction of the ice 
margines, G. Lundqvist 


Mattsson, Lennart: Grastensmon. Ett dédismoranlandskap i sydéstra 
Smaland (Grastensmon. A dead-ice moraine region 1n south-eastern Sm§- 
land). — Lund, Svensk Geogr. Arsb. Arg. 31, 1955, pp. 37—56, 7 text-figs. 

_ English summary pp. 55—56. Also as: Medd. fr. Lunds Univ. Geogr. Inst. 
N:r 335. — Grastensmon is a hummocky moraine region, situated between 
Lenhovda and Nybro in south-eastern Smaland. The extremest part of the 
region is characterized by a confusion of hills and ridges alternating with 
block fields and block streaks. Large dead-ice pits, often stretching in from 
N to S or from E to W are also frequent. The block fields have earlier by G. 
Lundqvist been regarded as created by frost phenomena. According to the 

_ author’s opinion Grastensmon is a dead-ice landscape, where block streaks 
and block fields are the result of melt-water washing. 

From the author’s summary 


Svensson, Harald: Nagra synpunkter pa de glaciala hillarnas utbildning 
(Some aspects on the formation of roches moutonnées). — Lund, Svensk 
Geogr. Arsb, Arg. 31, 1955, pp. 57—64, 3 text-figs. English summary pp. 
63—64. Also as: Medd. fr. Lunds Univ. Geogr. Inst. N:r 336, — The resulting 
landform of glacial erosion in the bottom of an ice-sheet is the wave-like 

rock topography. This landform is adequate giving the mobile ice-masses a 
“minimum of blocking- and friction resistance. The term »the mature glacial 
_ surface» is used as the name of this landform. In the beginning of a glaciation 
there arise great strain and stress variations in the advancing ice masses. 
_ The breaking process therefore is most active in the beginning of a glaciation. 
When the thickness of the ice increases, the plasticity, too, increases in the 
_ bottom region of the ice-sheet. This stage is generally the longest one of a 
glaciation. In the end of a glaciation with decreasing plasticity a new time of 
breakers could take place, Ljungner (1930) and Fliickiger (1934) have dis- 
cussed the possibility of the glacial rocks being formed by wave-motion 
in the bottom parts of an ice-sheet. It seems credible that the well rounded 
topography that is so common in Scandinavia is the result of long-wave 
undulations. The details of the glacial surface could be interpreted as the 


result of other wave motions, interfering with the long-wave motion. 
From the author’s summary 
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Wenner, Carl-Gésta : Nagra ord om glacifluviala avlagringar pa Vastkusten 
(Some remarks on glaciofluvial deposits on the Western coast of Sweden). — 
Sthlm, G. F. F. Bd 77, 1955, pp. 478—480. — Changes in the direction of 
ice-movement have influenced the glacial deposits, e.g. in the valley of the 
Géta alv and in the Viskan valley. Glaciofluvial gravel beds do not always 
indicate the margin of the landice. Nor does a layer of till deposited on a 
gravel bed mean an oscillation of the landice. Topography has often caused 
the concentration of marginal deposits, e.g. on the border between the high- 
lands and the coast plain. C. G. Wenner 


Woldstedt, Paul: Die Gliederung des Pleistozins in Norddeutschland und 
angrenzenden Gebieten. — Sthlm, G. F. F. Bd 77, 1955, S. 525—545, 6 
Textfig. 


Géochronologie 


Anteys, Ernst: Varve and radiocarbon chronologies appraised by pollen 
data. — Chicago, Journ. of Geol. Vol. 63, 1955, pp. 495—499, 1 text-fig. — 
Natural correlation with climatic ages of Canadian postglacial forest types, 
deduced by Potzger and Courtemancke, confirms the well-suggested view 
that the ice border oscillations at Cochrane antedated the Altithermal which 
culminated ca. 6 000 years ago. The postglacial crustal rise of the James Bay 
country required 8 000—10 000 years according to Gutenberg. The Cochrane 
must be the correlative of the European Salpausselkaé stage and be some 
10 000—11 000 years old. Since the ice retreat from Milwaukee to Cochrane 
comprised at least 7 000 years, the radiocarbon age of the Two Creeks forest 
bed of 11 400 years must be much too low. Author’s abstract 


Antevs, Ernst: Geologic-climatic dating in the West. — American Anti- 
quity, Vol. XX, 1955, pp. 317—335, 6 text-figs. 


Borell, Ragnar och Offerberg, Jan: Geokronologiska undersékningar inom 
Indalsilvens dalgang mellan Bergeforsen och Ragunda (Geochronological 
investigations in the Indal River valley between Bergeforsen and Ragunda, 
N. Sweden). — 8. G. U. Ser. Ca. N:o 31, 24 pp., 12 text-figs., 6 plates. English 
summary pp. 22—24. Sthlm 1955. — Geochronological investigations have 
been carried out along the lower part of the Indal river, The varve diagrams 
obtained were connected with pre-existing measurements made by R. Lidén 
and by Gerard De Geer. An earlier connection between diagrams from the 
Angerman river and diagrams from the Ragunda area was proved to be in- 
correct, A number of locations along the Indal river was dated according to 
the Swedish time scale introduced by Gerard De Geer, J. Offerberg 


De Geer, Ebba Hult ; Neue Fundorte von symmiktem Ton im Baltikum, — 
Die Naturwissenschaften, Jahrg. 41. S. 526—527. [Data 92.] Wiirzburg 1954. 


De Geer, Ebba Hult: Application de l'étude des Varves a des régions oro- 
graphiquement différentes et complexes. — Data 95 fr. Sthlms Hégsk. Geo- 
kron. Inst. Cahiers Géologiques 1955, pp. 297—304, 1 text-fig. 


De Geer, Ebba Hult : Orographie et glaciation en Amérique du Nord et en 
Scandinavie. — Data 96 fr. Sthlms Hégsk. Geokron. Inst. Cahiers Géologi- 
ques 1955, pp. 8305—316, 4 text-figs. 
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., Lundqvist, G.: Stocken i Oje. Ett sikert interglacialfynd (The log from 
Oje. A sure Interglacial find), — Sthlm, G. F. F. Bd 77, 1955, pp. 317—3822, 
2 text-figs. English abstract p. 317. — In an earlier paper by the author a 
find of timber under moraine was described. According to the geological data 
it was determined to be of Interglacial age. Now it is discussed more detailed, 
And what is most important, the wood is dated with the Libby method by 
the station of Stockholm. The result is that the log is more than 24 000 years. 
It is the first find of Sweden determined as interglacial with help of the Libby 
method. Author’s abstract 


Lundqvist, J.: Interglacialfyndet vid Boliden (The find of Interglacial 
deposits at Boliden). — Sthlm, G. F. F. Bd 77, 1955, pp. 323—326. English 
abstract p. 323. — The samples from the submorainic deposits of Bjurliden, 
near Boliden, Vasterbotten, northern Sweden, which were briefly described 
by Grip in 1949 have been investigated more in detail. The subfossils — 
fragments of insects, mosses, and wood — have been studied by specialists. 
It has not been able to identify the insect fragments but the trees and plants 
are shown in tables. There are also shown the results from two pollen analyses, 
The wood fragments were numerous enough to allow a C,,-analysis. This has 
been carried out at the Stockholm station and shows that the deposit is at 
least 24 000 yeras old. As the Boliden area became free from ice only 9 000 
years ago it is thus proved to be older than the last glaciation. It is notable 
that this is the first real proof of the interglacial age of one of the very much 
discussed submorainic deposits of Sweden. Author’s abstract 


Variations de niveau. 
*Fromm, E.: Landhdjningen i Sverige (Land uplift in Sweden), — Vig- 
och Vattenbyggaren 2. 1955, 


Fromm, E.:; Nedisning och landhdjning under kvartirtiden (Glaciation 
and Changes of Level in Quaternary Age). — Atlas dver Sverige, 19—20, 
5 pp., folio, 8 maps, 2 text-figs. English summary p. 5. Sthlm 1955, — A series 
of eight maps, based on a critical compilation from recent sources: 

1. Greatest extent of ice sheet on the northern hemisphere. 

2. Ice sheets and vegetational belts of Europe during the last glaciation. 

3—T. Disappearing of the ice sheet and land elevation stages of Fenno- 
seandia at 12 000 B.C., 8 000 B.C. (Baltic Ice Lake), 7 700 B.C. (Yoldia Sea), 
6500 B.C. (Ancylus Lake), 4500 B.C. (Litorina Sea). 

8. Present land rise in Fennoscandia, based on observations at gauges 
and through precision nivellements in Denmark, Sweden, and Finland. 

Short explanations and commentaries are given in the text. A striking 
feature of the maps is the very close agreement between the present land rise 
and the isobases of the strand lines of the different Late Glacial and Post 
Glacial stages. E, Fromm 


_ Fromm, Erik: De norrbottniska sulfidlerornas svartfargning och Oster- 
sjons utvecklingshistoria (The black colour of the clays of Northern Sweden 
and the late Quaternary development of the Baltic). — SthIm, G. F. F. Bd 
77, 1955, pp. 58—60, 1 text-fig. English abstract p. 58. — In the coast district 
of Norrbotten, Northern Sweden, at the Bothnian Bay, the clays generally 
have a high sulphide content (> 1 % 8) and black colour. Different colour 
zones can be distinguished in the black clays. Through pollen and diatom 
inalysis these zones have been correlated with the Late-Quaternary develop- 
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ment of the Baltic thus: 1) Even black or greyish black clay. Later part of the: 
Litorina period. 2) Thin black layers in a stratified clay. Litorina maximum, 
3) Black clay. Beginning of the Litorina period. 4) Black stripes or layers In a’ 
homogeneous clay. Ancylus period and the very end of the Yoldia-period.. 
Author’s abstract 


Moberg, Carl-Axel: Studier i bottnisk stendlder (Studien tiber bottnische: 
Steinzeit), — Sthlm, K. Vitt.- Hist.- 0. Antikv. Akad. Handl. Antikv. Ser. 3, 
137 S. 55 Textfig. 1 Tafel. Deutsche Zusammenfassung S. 131—134. Lund: 
1955. — Dem grossen Material von steinzeitlichen Funden aus éstlichem Norr-. 
botten im nordlichen Schweden, das von Sigurd Dahlback in den Jahren 
1914—32 in das Historische Museum in Stockholm eingeliefert wurde, ist: 
vom Verf. eine eingehende Bearbeitung gewidmet worden und das Resultat: 
in fiinf Aufsitzen mit obenstehendem Gesamttitel verdffentlicht. Er be- 
schreibt die verschiedenen Formen und vergleicht sie mit den Funden aus: 
anderen Gebieten, diskutiert die Zeitstellung und die Anwendung dieser 
Werkzeuge. Hine frithere Mutmassung, dass diese fiir Erdarbeiten hergestellt 
wurden, wird durch eine technische Untersuchung bei der Staatlichen Prii- 
fungsanstalt bestimmt widersprochen. Von geologischem Interesse ist die: 
zusammen mit Staatsgeologen E. Fromm dargestellte Karte iiber die Fund- 
plitze fiir gewisse nordbottnische Werkzeuge u. zw. »Rovaniemi-Hackeny 
oder »nordbottnische Hacken» und »ostbottnische Axte» in Relation zu der 
ungefahren Kiistenlinie c:a 5000 vor Zw. Die Hauptmenge der Fundplatze 
liegt in der Nahe dieser Linie ohne jedoch an den damaligen Strand gebunden 
zu sein. Nur wenige befinden sich auf niedrigerem Niveau und die jetzige 
Kiistenzone liegt fundlos. Der Verfasser meint, dass archéologische und geolo- 
gische Indizien meistens Datierungen in die mittel- und spit-neolitische' 
sowle in die altere Bronzezeit ergeben. K. E. Sahlstrém 


Munthe, Henr.: Professor Sauramo’s view on the Ancylus Lake. — Sthlm, 
G. F. F. Bd 77, 1955, pp. 427—432, 1 text-fig. — Sauramo puts the duration 
of the Ancylus stages at about 300 years. Because of 7. a. the big caves in 
the cliffs of Gotland, the fossil content of the shore-walls of the same isle 
and the thickness of the Swedish Ancylus clays Munthe wants to put the 
duration of only the maximum stage of the Ancylus Lake at a couple of hun- 
dred years. The total duration of the Ancylus stages is by him already in 
1940 put at about 1700 years. The fossil content of the shore-walls of Got- 
land also contradicts Sauramo’s opinion of a sudden drainage of the Ancylus 
Lake. According to Munthe’s opinion Sauramo in his estimate of the duration 
of the Ancylus and Echineis times has formed his conclusion in too high degree 
on the diatom flora. The development during the Echineis time, as given by 
Sauramo, might make necessary a prolongation of the Ancylus time at the 
expense of the Echineis. The same is indicated by e. g. the thickness of the 
Ancylus (2 metres) and Echineis (0.3 metres) clays at Kungsholmen neat 
Kalmar. Jan Lundqvist 


von Post, Lennart: The ancient sea fiord of the Viskan valley. — Sthlm 
G. F. F., Bd 77, 1955, pp. 595—632, 18 text-figs. — When professor vor 
Post passed away, he left a considerable quantity of material from his fiel¢ 
investigations in the Viskan valley on the west coast of Sweden, materia 
which had been collected to illustrate the problem of changes in levels. Only 
some sections of this material were fully worked out. Parts of von Post’: 
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manuscript are now going to be edited by C.-G. Wenner. The first part con- 
tains introduction and acknowledgements, and the general features of the 
Viskan district. The following topics are dealt with: shape and origin of the 
valley system. The ancient Viskan fiord. Ice recession and glacial drift. The 
marine limit. Fiord sediments. Sea molluscs in the fiord deposits. Lake 
Veselangen. R. Sandegren 


Sauramo, Matti: On the nature of the Quaternary crustal upwarping in 
Fennoscandia. — Acta Geogr. Vol. 14. N:o 20, pp. 334—348, 11 text-figs. 
Helsingfors 1955. 

Sauramo, Matti: Land uplift with hinge-lines in Fennoscandia, — Ann. 
Acad. Scient. Fenn. Ser. A. IIT. 44, 25 pp., 11 text-figs. Helsingfors 1955. — 
The paper gives Sauramo’s view upon the crustal upwarping in Fenno- 
scandia in a concentrated form: The late-glacial upwarping differs from the 
postglacial one. During thousands of years it was mainly a vertical uplift, 
which was possible because the movement took place along border-lines, so- 
called hinge-lines. One central block was surrounded by three concentric zones, 
separated by the hinge-lines. These may be followed throughout the whole of 
Finland and also westwards across Sweden to southern Norway. Inside the 
inner hinge-line the upwarping was elastic only. The building of the hinges 
took part some time during the early and middle Boreal period. In the be- 
ginnings of the 10th and 7th millenium B.C. the uplift was interrupted by a 
short-time tilting process, caused by crustal sinking in the peripheral region. 
An attempt has also been made to connect the tilted Scandinavian shore- 
lines with South American and Mediterranean shore-lines, affected only by 
eustatic fluctuations of the sea-level. Jan Lundqvist 


Biogéologie 


Andersson, Enar: Pollenspridning och avstandsisolering av skogsfréplan- 
tager (Pollen dispersion and distance isolation of forest-seed plantations), — 
Sthlm, Medd. fr. Statens skogsforskn:inst. Uppsatser nr 35. 1955. 100 pp. 
9 text-figs. English summary pp. 84—98. — The paper deals 7. a. with the 
problem concerning transport of pollen by the wind over considerable di- 
stances, R. Sandegren 


_ Backman, A. L.: Norrlands postglaciala flora (The postglacial flora of 
Norrland). — Sthlm, Svensk Botan. Tidskr. Bd 49, pp. 88—96, Uppsala 1955, 
— Author has investigated the subfossil Quaternary flora from 164 localities 
in Northern Sweden. He gives an account of the finds of Carex pseudocyperus, 
Ceratophyllum demersum, Lycopus europaeus, Najas flexilis, N. marina, Rup- 
pia maritima, Zannichellia major, Z. pedunculata, and Z. repens which species 
during the Post-glacial warm period had a greater distribution towards the 
‘north than nowadays. R, Sandegren 


Bergquist, Harry: »Tanumsvalen) — en gronlandsval. — Uppsala, Fauna 
-o. Flora 1955 S. 139—144, 5 Textfig., Deutsche Zusammenfassung 8. 144. — 
Reichliche Knochenreste von einem subfossilem Grénlandswal, Balaena 
m ysticetus L, (juv.) sind in Tanumshede, Gemeinde Tanum, Schweden, im 
Jahre 1951 gefunden worden ung. 20 M. ii. M. Zusammenfassung des Verf. 


40 —563060. G.F.F. 1956. 
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Erdtman, G.: Literature on palynology. XVIII. — Sthlm, G. F. F. Bd 77, 
1955, pp. 7T1—118. 


Erdtman, Gunnar: Palynologiska laboratoriet 1 Bromma och nagra punkter 
pa dess program (The palynological laboratory, Bromma, Stockholm, and 
some items on its program), — Statens Naturv. Forskn.-rads Arsb., Arg. 8, 
1953—1954, pp. 139—149, 2 text-figs. English summary pp. 148—149. 
Sthlm 1955. — The laboratory, sponsored by the Swedish Natural Research 
Council, was established in 1948. Its nucleus consists of a sporotheke contain- 
ing approximately 20000 pollen and spore slides. The research work con- 
centrates on basic palynology, primarily the theme pollen (and spore) mor- 
phology and plant taxonomy. Some data from Denmark, Russia, and USA— 
Mexico are mentioned and briefly commented. In conclusion a list of a num- 
ber of palynological research centres is given. From the author’s summary 


*Erdtman, Gunnar: Olands alvar fran istid till nutid (The »alvary of Oland 
from the ice-age to our days). — Natur pa Oland, pp. 286—292, 4 text-figs. 
Uppsala 1955. 


Kolbe, R. W.: Diatoms from Equatorial Pacific cores. — Géteborgs K. 
Vet.- o. Vitt.-Samh. Reports of the Swedish deep-sea expedition 1947—1948, 
Vol. VI, Fasc. I, 49 pp., 9 text-figs., 5 plates. Géteborg 1954. 


Kouprianova, L. A.: Recherches palynologiques en URSS. — Lund, 
Botan. Notiser, Vol. 108, 1955, pp. 140—141. 


Lundqvist, G.: Myrar (Peat Land). — Atlas dver Sverige, 41—42, 6 pp. 
folio, 2 maps, 7 text-figs. English summary p. 6. Sthlm 1955. — The peat 
land of Sweden forms a great percent of the land area, estimated to 20 %. 
But the distribution is very various in the different parts of the country, 
quite well illustrated by the map. To this one a list of the names of 390 mires 
is given, The mires are of very different types but in the map they are nit 
divided in any manner. But in a little text-map in about 1: 7500000 the 
area of the great types are marked. They are: ombrogenous mires, lake mires, 
mires of fen-type, mires of bog-type, mixed mires, district with pals mires. 
In the alpine belt there are no mires marked because the primary map, the 
topographical map, does not give an account of them. In the text is given a 
short description of the map, the peat types, the types of mires and the pollen- 
analysis. G. Lundqvist 


__ *Lundqvist, G.: Olands myrar (The peat land of Oland). — Natur pa 
Oland, pp. 98—103, 4 text-figs. Uppsala 1955, 


Malmer, Nils and Sjérs, Hugo: Some determinations of elementary con-. 
stituents in mire plants and peat. — Lund, Botan. Notiser, Vol. 108. Fase. 1, 
1955, pp. 46—80. — The peat analyses indicate that a bog differs from a 
fen in H — K — Ca — Mg proportions as well as in lower peat pH and lower 
content of several mineral substances. Most of these are highly concentrated 
in the adsorbed form on the peat, in comparison with the mire water, A 
considerable part of the total K in a mire is accumulated in the living plants. 
Attention is drawn to the significance of micro-biological metabolism, and 
to the importance of analysing plants as well as peat and water. | 

From the summary of the authors 
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Segerstrale, Sven: Gammarus pulex och Gammarus lacustris i Norden 
(Gammarus pulex and Gammarus lacustris in Northern Hurope). — SthlIm, 
Svensk Faunistisk Revy 1955, pp. 57—63, 4 text-figs. 

Segerstrale, Sven G.: The freshwater amphipods, Gammarus pulex (L.) 
and Gammarus lacustris G. O. Sars, in Denmark and Fennoscandia — a 
contribution to the Late- and Post-Glacial immigration history of the aquatic 
fauna of Northern Europe. — Soc. Sci. Fenn. Commentationes Biologicae. 
XV. 1. 91 pp. 42 text-figs. Helsingfors 1954. — The two Gammarus species 
treated exhibit a very different distribution and history. Gammarus lacustris 
has belonged to the fauna of Scandinavia since the last Interglacial epoch; 
it survived the last glaciation in coastal refuges of Fennoscandia and since 
the vaning of the ice-sheet has spread from these areas far into the interior. 
In addition, Post-Glacial immigration from the Continent via Denmark and 
probably, the area east of the Gulf of Finland, has taken place, but this 
stock has not yet reached the area populated from the refuges. Dispersal 
is mainly brought about through the intermediation of water fowl. As a con- 
sequence of this history, G. lacustris is especially widespread in Norway and 
Denmark, and less common in Sweden. In Finland, not as yet reached by 
the invasion from the Continent, it is confined to the northern half of the 
country, which was invaded from refuges. 

Gammarus pulex did not survive the Glacial Age in northern Europe. 
It immigrated into this area from the Continent, following the retreating 
margin of the ice-sheet; it lived in the ice-dammed lakes in northern Germany 
and was effectively dispersed by them and the subsequent freshwater stages 
of the Baltic, invading many areas not reached by G. lacustris (examples: 
the lowland of Central Sweden, southern Finland). On the other hand, G. 
pulex, which is not spread by birds, has been unable to reach areas noticeably 
above the shore-lines of the Baltic Ice-Lake and subsequent freshwater stages. 
For this reason, only the southeastern corner of Norway was invadable from 
a topographical point of view; but the path even there was probably intra- 
ficable (too saline), judging from the total absence of records of the species 
from Norway. From the author’s conclusions 


_ Segerstrale, Sven: Ett negativt drag i Finlands biogeografiska fysionomi 
(A negative feature in the biogeography of Finland). — Finlands Natur 1954, 
pp. 17—23, 5 text-figs. — A Swedish summary of the preceding paper. 


van Zinderen Bakker, E. M.: Palynology in South Africa. — Lund, Botan. 
Notiser, Vol. 108. Fasc. 1, 1955, pp. 138—140. 


Etude des sols et Géologie agricole 

_ Almliy, Erik: Reglering av vattenforhallandena i och pa styva lerjordar 
(The water regulation in heavy clay soils). — Uppsala, Grundforbattring, 
Arg. 8, 1955, pp. 139—154, 12 text-figs. 

Andersson, Sigvard: Markfysikaliska undersdkningar i odlad jord VIII 
(Physical investigations in cultivated soils VIII). — Uppsala, Grundfor- 
bittring, Arg. 8, 1955, spec. nr 2, 98 pp., 32 text-figs. 

4 Andersson, Sigvard: Markfysikaliska undersdkningar i odlad jord IX. 


Studier av nagra gyttjejordsprofiler i Orebro lin (Physical investigations 
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in cultivated soils IX. Studies of some gyttja soil profiles from the province 
of Orebro). — Uppsala, Grundférbattring, Arg. 8, 1955, pp. 102—138, 13 
text-figs., 10 plates. 


Arrhenius, Olof: Akermarkens urgamla havd (Die uralte Anbau des Acker- 
bodens). — Sthlm, Fornvannen 1955, 8. 80—87, 2 Textfig. Deutsche Zu- 
sammenfassung. Uppsala 1955. — Die Kenntnis der uralten Giite des Bodens 
ist wieder aktuell geworden. Nach den Platzen der uralten Siedlungen sind 
Unmengen von Pflanzennahrstoffen wahrend Jahrtausenden gesammelt 
worden. U. a. m. auch die sog. Mikroelemente. Mit den rasch wachsenden 
Ernten werden sehr grosse Anspriiche an die Ackerbéden gestellt. Um diese 
Verhiltnisse zu untersuchen ist Ostergitland als Beispiel gewahlt. Die Lage 
und Anhaufung der Grossdérfer ist ein Anzeichen fiir Boden mit uralter Giite. 

Zusammenfassung des Verfassers 


Flodkvist, Herman: Om Hjalmarens sinkning och dess féljder. Torvjords 
och gyttjeblandad lerjords sattning (The sinking of Lake Hjailmaren and its 
consequences). — Uppsala, Grundférbattring, Arg. 8, 1955, pp. 251—257, 
2 text-figs: — The sinking of the lake, which was carried out in 1888 and was 
then the greatest lake regulation in Europe, gave good yields on the newly- 
gained areas during the first three decades. From about 1920, however, 
inundations gradually occurred on account of the settling of these organo-. 
gene soils, and the crops were seriously damaged. By means of ditching, one. 
now tries to prevent such damages, Author’s summary 


Fredriksson, Lars: Kalk-, fosfat- och kalihaltens variation med djupet i 
nagra akerjordsprofiler fran Skaraborgs lan (The variations of calcium, 
potassium, and phosphorus with the depth in some soil profiles from the 
province of Skaraborg). — Uppsala, Grundférbattring, Arg. 8, 1955, pp. 1—14, 
4 text-figs. 


Linder, Folke: Rullstensasarna som vindskydd for jordbruket (The Glacio- 
fluvial eskers as wind-shelters for arable land). — Sthlm, Sy. Naturskydds-. 
foren:s Arsb, Arg. 46, 1955, pp. 175—177. Uddevalla 1955. 


Norrgard, A.: Komplexet jord — vatten — luft — varme (The complex, 
problem soil — water — air — heat). — Uppsala, Grundférbattring, Arg. 8, 
1955, pp. 155—169, 11 text-figs, 


*Norrgird, A.; Marklira och hydroteknik i Vastergétland (Soil science and 
hydrotechnics in Vastergétland). — Uppsala, Grundférbattring, Arg. 8, 
1955, pp. 271—282, 8 text-figs. — An account of the excursion in Vaster- 
gétland, made by the Swedish Society of Soil Science and the Society of Agri- 
cultural Hydrotechnics in 1955. 


Odén, Svante o. Johansson, A.: Om »metoden med lysimeterrinna» fér: 
kvantitativa matningar av sjunkvattenstrémmen i mark (On the lysimeter: 
method of determining the infiltration and percolation of water into the: 
soil). — Uppsala, Grundférbittring, Arg. 8, 1955, pp. 49—55, 4 text-figs. 
English summary p. 55, — This paper is a critical discussion of the Ebermayer 
lysimeter technique. It has been shown that there is no definite relationship 
between the amount of infiltration water and the amount received from the: 
lysimeter funnels, Consequently, results based on the Ebermayer lysimeters' 
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concerning soil-water relationships are unreliable. Pertaining problems on 
soil-water movements discussed in this paper, will be investigated experi- 
mentally and published later. Summary of the authors 


Odén, Svante: »Vattnet i skogsmarken» — en kritisk analys (The water in 
forest soils — a critical analysis). — Uppsala, Grundférbittring, Arg. 8, 1955, 
pp. 56—61. English summary p. 67. — Some comments upon T. Troedssons 
investigation of the water movements in the different horizons in forest soils 
as they appear in Troedsson’s paper »Vattnet i skogsmarken». 

Author’s summary 


Troedsson, Tryggve: Vattnet i skogsmarken (Das Wasser des Waldbodens). 
— Sthlm, Kungl. Skogshégskolans skrifter Nr 20. 215 S., 35 Textfig. Deutsche 
Zusammenfassung 8. 202—215. Norrtilje 1955. Diss. — Die Arbeit beab- 
sichtigt den Wasserfaktor im Waldboden Schwedens in recht weitgestreckter 
Bedeutung naher zu studieren. Die Wasserbewegungen des Waldbodens sind 
ausserst kompliziert und nicht zum Wenigsten von der variierenden Korn- 
grosse und Zusammensetzung der Moranenbéden abhingig. In Schweden 
gibt es nur zerstreute Kenntnisse von der chemischen Zusammensetzung des 

_Grundwassers im Waldboden. Noch weniger sind die Eigenschaften des 
Oberflachenwassers sowie des Sickerwassers bekannt. Die Fragestellung 
betreffs des Wasserfaktors im Waldboden kann man daher anfangs recht 
einfach formulieren: Wie gross ist der Teil des Niederschlages, der jahrlich 
bis zum Grundwasser hinunterdringt, und wie gross sind die dabei ausge- 
laugten Mengen der gewoéhnlichsten Pflanzennihrstoffe? Die Problemstellung 
muss teils von der chemischen und teils von der physikalischen Seite betrachtet 

werden. Darum ist das Grundwasser, das Sickerwasser und das Oberflichen- 
wasser von sowohl chemischer als physikalischer Seite studiert worden. 
Dagegen hat das gebundene Wasser nicht allzu eingehenden Detailuntersuch- 
ungen unterzogen werden kénnen. Die Feldarbeiten haben Wasserproben- 
entnahmen wahrend des ganzen Jahres sowie Lysimeterversuche, Diingungs- 
versuche, Infiltrationsuntersuchungen etc. umfasst. Die Untersuchungs- 
gebiete verteilten sich hauptsachlich auf Siid- und Mittelschweden mit nur 


einzelne Versuche auf Nordschweden. 
Aus der Zusammenfassung des Verfassers 


_ Wiklander, Lambert: Katjonbyte i ler och jord (Cation exchange in clay 
and soil). — IVA, Arg. 26, 1955, pp. 198—207, 5 text-figs. English abstract 
p- III. — A brief description of the mineral structure of clay in its bearing 
on the ion exchange properties; the relation between the pH and the toniza- 
tion (density of charge) of minerals: the valence and the dilution effects on 
the relative adsorption of mono- and divalent ions by exchangers with various 
exchange capacities; and finally factors influencing the determination and the 
‘magnitude of the cation exchange capacity. Author’s abstract 


a | Donnés biographiques 


Fegraeus, Torbern Jarl Severin: Biographie. ; 
Zenzén, Nils: Torbern Jarl Severin Fegraeus. — Sv. Biogr. Lexikon, 


_ XV, pp. 449—452, 1 portrait. Sthlm 1955. 
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Ferber, Johan[n] Jacob: Biographie. 
Zenzén, Nils: Johan{n] Jacob Ferber. — Sv. Biogr. Lexikon, XV, pp. 
589—595, 1 portrait. Sthlm 1955. 


Flodkvist, Herman: ‘ avin 
Linnér, Sigfrid: Herman Flodkvist 80 ar. — Uppsala, Grundférbattring, 
Arg. 8, 1955, pp. 71—72, 1 portrait. 


Hedin, Sven: Nécrologie. } 
Bohlin, Birger: Sven Hedin in memoriam. — K. Vetenskaps-societeten 1 
Upsala Arsb. 1955, pp. 19—23, 1 portrait. Uppsala 1956. 
See also these transactions Vol. 75, 1953, p._462, and Vol. 76, 1954, 
p. 642. 


Kjellman, Walter: Nécrologie. 
Wenner, C.-G. Walter Kjellman +, — Sthlm, G. F. F. Bd 77, 1955, pp. 
443—444, 


Nauckhoff, Sigurd: Nécrologies. 
Althin, Torsten: Fil. Dr Sigurd Nauckhoff +. — Sthlm, Daedalus 1955, 
pp. 7—8, 1 portrait. 
Wenner, ©.-G.; Fil. Dr Sigurd Nauckhoff +. — Sthlm, G. F. F. Bd 77, 
1955, p. 131. 
Wittberg, Ivar: Fil. Dr Sigurd Nauckhoff +. — Filipstad, Varmlandska 
~ Bergsmannafoéren:s Annaler 1955, pp. 11—12. 


Palache, Charles: Nécrologie. 
Wenner, C.-G.: Professor emeritus Charles Palache +. — Sthlm, G. F. F. 
Bd 77, 1955, p. 223. 


Troedsson, Gustaf T.: Nécrologies. 
Hede, J. Ernhold: Gustaf Troedsson * 9/5 1891, + 12/12 1954. — Kungl. 
Fysiogr. Sallsk. Férhandl. Bd 25, 8 pp., 1 portrait. Lund 1955. ; 
--'Troelsen, C. J.: Gustaf T. Troedsson 9/5 1891—12/12 1954. — Medd. fr. 
Dansk Geol. Foren. Bd 13, H. 1, 1955, pp. 53—55, 1 portrait. 
Wenner, C.-G.: Professor Gustaf T. Troedsson +. — Sthlm, G. F. F. Bd 
77, 1955, pp. 131—132. 


Miscellanées 


Bergsten, Karl Erik: Svensk geografisk bibliografi for ar 1954 (Swedish 
geographical bibliography in 1954), — Lund, Svensk Geogr. Arsb. Arg. 31, 
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Kristallisation des Basalts yon Hardeberga, Schonen 
Von 


Hetmut, G. F. WINKLER und GERDA Werrz,! Marburg/Lahn.2 


Einleitung 


Wenn von einem saiger stehenden Gang die Anderung der mittleren 
Korngrésse der Minerale in Abhangigkeit von der Entfernung vom 
Salband ermittelt worden ist, dann besteht nach Winkler (1949) die 
Méglichkeit, Riickschliisse auf den Ablauf der Kristallisation des 
intrudierten Magmas zu machen. Die Methode ist bisher auf einen 
recht kieselsiurereichen tholeiitischen Basalt, der einen grossen Anteil 
glasiger Zwischenmasse enthielt, ausfiihrlich angewendet worden 
(1949d). In der vorliegenden Arbeit soll nun an einem ynormaleren» 
Feldspatbasalt Schonens versucht werden, die gleiche Methode anzu- 
wenden. Es wird gezeigt, dass es nach Beriicksichtigung gewisser petro- 
graphischer Beobachtungen auch hier gelingt, den Kristallisations- 
verlauf des basaltischen Magmas zu rekonstruieren. 


I. Petrographie des »Diabases» von Hardeberga, 
Schonen 


1) Vorkommenund Bezeichnung. 


Die cambrischen Sandsteine, die den Horst von Romeleasen (SW- 
Schweden, Schonen) im NW begrenzen, werden von westnordwest— 
oststidost streichenden Basaltgingen durchsetzt, welche nach Hjelm- 
-quist (1939) unterpermisch sind. Zu diesen Gangen gehért auch der Har- 
-deberga-Gang in der Nahe von Lund, der hier untersucht wurde. Der 
Gang steht saiger und ist an der Stelle der Probenentnahme 21.8 m 
miachtig. 

In der schwedischen Literatur werden die gabbroiden Ginge Scho- 
nens als Diabase bezeichnet. Leider hat sich die Verwendung des Na- 
mens Diabas im Laufe der Zeit geaéndert und ist auch heute noch nicht 
einheitlich. Nach Tréger (1935) ist es wiinschenswert, die Bezeichnung 
auf Basalte in Griinsteinfacies zu beschrinken, wie es in England und 
Deutschland der Brauch ist. Da in dem etwas kérnigen Gestein von 


_ 1} Dissertation Marburg/Lahn (D4), 1956. 
2 Mineralog. Inst. d. Univ. Deutschhausstr. 10. 


, 
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Hardeberga der Erhaltungszustand der primiren basaltischen Minerale 
noch gut ist, jedenfalls keine Griinsteinfacies vorliegt, sollte man — 
dem Vorschlag Tréger’s folgzend — das Gestein nicht Diabas sondern 
Basalt nennen. 


2) Mineralbestand und chemische Zusammenset- 
zung. 


Der Hardeberga-Gang hat nur wenige Einsprenglinge und im wesent- 
lichen intergranulare Struktur! und fiihrt als Hauptgemengteile: Plagio- 
klase und Augit und als Nebengemengteile Magnetit, Quarz und Apatit; 
als sekundére Bildungen treten Chlorit, Sericit und vereinzelt Calcit 
auf. Zum Teil sind die Plagioklase stark zersetzt und die Augite chlori- 
tisiert. Die modale Zusammensetzung des Gesteins (mit einem »Point- 
counter» fiir die Probe aus 5.6 m Entfernung vom N-Salband ermittelt) 
ist folgende: 


Tabelle 1 
‘Modale Zusammensetzung des Basalts von Hardeberga 

Vol-% Dichte Gew-% 
Plagioklas-Hinsprenglinge ........cessesessseees 1.0 2.71 0.91 
Gangfeldspate (Plagioklase)® ...........sssssee0e 46.1 2.69? 41.53 
JAE an Sto pneitiat WAL aicoc een erie rap recirni ier: 27.4 Dos 30.27 
Chionit Gis Mowktel sit « saivlels-s shebisphaen . ieee anes 9.2 2.8 8.64 
Mae TNG UU More ets erste cis ctetaselecojeisielererslsyain & asec Meters cele Hud 5.2 8.87 
QUIADZHewacisicat is cae a uh eae ete Bee nara ee Dee 2.65 2.04 
AWISCHEMMIAGSES »2s15\«feacsie:sie-siclyebie sis sus balers oe ele 8.9 2.6 1.74 

100.0 100.00 


Die chemische Analyse des integrierten Basaltes lieferte folgende 


Werte: (Tabelle 2) 


Tabelle 2 
Chemische Analyse des Basalts von Hardeberga. (G. Weitg 
0 Sar aia x wthes acta are 48.45 . 
TIOM ents e gies . Kew eye Aeehie 2.56 
BL Oe ios seis at cleiers vo wneisreus ue 15.05 
Hes, tte ance. ote 5.70 
He Oia. sides Svein. okies 7.50 
MOT. susistee sn cveeiscoaens sts 0.44 
IMO) Petts ssitete «acne ee 6.35 
WO siete s eraye atcheretente Mr 8.07 
INGO crore Wan meen eae 2.30 
SO Aiea eatiatence verte eee 1.10 
BO; disp teat hos 0.20 
EL Orta ite cpetaings apap armeteee 1.40 
HO seeded ene see 1.09 


1 Siehe Naheres tiber die Struktur 8, 624, 


* Die Dichte der Plagioklase ist als Mitterlwert aus den Angaben der Tabelle 5, Seite 
632 berechnet worden. 


° Von den Plagioklasen sind etwa 15 % serizitisiert. 
* In ihr verbergen sich etwa 2 % Quarz, was rontgenographisch festgestellt wurde. 
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Im folgenden sollen die Minerale des Gesteins niher beschrieben 
werden: 

Pla gioklase. Es lassen sich unter den Plagioklasen zwei Gene- 
rationen unterscheiden: einmal die intratellurisch gebildeten Ein- 
sprenglinge, welche nur etwa 1 % ausmachen, zum anderen die Feld- 
spite, die wahrend der Abkithlung des Magmas am _ Intrusionsort 
auskristallisierten und zum Unterschied von den Kinsprenglingen als 
»Gangfeldspite» bezeichnet werden sollen. 

Die Kinsprenglinge zeigen im Gegensatz zu den Gangfeldspaten 
meist Zonarbau. Es wurde der An-Gehalt der Kinsprenglinge am Sal- 
band und in Salbandnahe, wie auch in 4.0 und 5.0 m Entfernung vom 
Nord-Salband mit dem U-Tisch bestimmt und zwar sowohl nach der 
Zonenmethode von Rittmann (1936), als auch mit den Migrationskurven 
von Reinhard (1931). Es zeigte sich, dass der Kern der Einsprenglinge 
einen An-Gehalt von 70—80 An hat, wahrend der meistens nur sehr 
schmale dussere Rand nur 60—68 % An hat. Die Einsprenglinge haben 

_ eine durchschnittliche Linge von 0.70 mm und eine Breite von 0.35 mm. 

Sie zeigen keine Gréssenanderung™ in Abhangigkeit vom Salband- 

abstand und sind infolgedessen nicht am Intrusionsort kristallisiert 

sondern schwammen im Magma. 

Man findet unter den Einsprenglingen, aber nur am Salband und in 
Salbandnihe, gefiillte Feldspaite; d. h. der Kern des Feldspates ist 

_zersetzt, der aussere Rand hingegen ist klar. Das Fiillungsmaterial 
besteht aus feinschuppigem Serizit und besenformigen Zoisit. Es liegt 
hier also die charakteristische Mineralkombination der Muskovit- 

Zoisit-Paragenese vor, wie Erdmannsdoérffer (1945) sie nennt. 

Fiir ihre genetische Erklarung, die noch nicht eindeutig ist, sind zwei 

_Hinweise wichtig: 

_ a) Es sind nur die Kerne der am Salband und in Salbandnahe gele- 
-genen Plagioklaseinsprenglinge zersetzt; also diejenigen Individuen, 
“die nach der Intrusion einem starken Warmegefille und einem erheb- 

lichen Gas- und Lésungsdurchgang ausgesetzt gewesen sind. 

b) Die Plagioklaskerne standen nach der Intrusion nicht mehr mit 
der Schmelze im Gleichgewicht, sie waren bereits instabil; denn sie 

‘sind deutlich An-reicher als diejenigen Plagioklase, die a m Intrusions- 
ort zuerst aus dem Magma kristallisiert sind. (Ihre Zusammensetzung 
‘ist An 66, waihrend die Einsprenglinge An 80—70 haben). 

4 Der klare Rand der Einsprenglings-Plagioklase hat sich erst nach der 
Intrusion des Magmas andie intratellurisch vorhandenen Kristalle 

ankristallisiert. Dafiir sprechen zwei Beobachtungen: 

a) Zwillingslamellen nach dem Periklin-Gesetz findet man nur im 
Kern des Feldspates, der klare Rand dagegen ist unverzwillingt. 
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b) Die nach der Intrusion zuerst bzw. sehr friihzeitig kristallisierten 
Gang-Plagioklase haben die gleiche Zusammensetzung wie die Aussen- 
zone der Hinsprenglings-Feldspate. 

Uber die Zusammensetzungen der Gang-Plagioklase, welche nicht 
— wie zunichst vermutet wurde — in der reinen Hochtemperatur- 
modifikation vorliegen, sondern in einem Zustand, der sich zwischen 
Tief- und Hochtemperaturmodifikation befindet, wird spater (8S. 633) 
naher berichtet. 

Die Verzwilligung der Einsprenglings- und Gang-Feldspate ist wie 
iiblich vorherrschend nach dem Albit-Gesetz..Die Kombination von 
einem Albitzwilling mit einem Karlsbaderzwilling zu einem komplexen 
Zwillingsstock wurde ebenfalls beobachtet. Komplexstellung von 
zwei Zwillingsindividuen, die direkt aneinanderstossen, wurde verein- 
zelt gefunden. Die Verzwilligung nach dem Periklingesetz ist selten und 
beschrankt sich nur auf den Kern der Einsprenglinge. 

In diesem Zusammenhang sei daran erinnert, dass E. Baier (1930) 
Periklin- (und Albit-)Zwillinge ganz bevorzugt als Druckzwillinge an- 
sieht; er lasst jedoch die Frage offen, ob Zwillinge nach dem Periklin- 
gesetz auch als Wachstumszwillinge vorkommen kénnen. Aus unserer 
Beobachtung, dass die Kerne der Einsprenglinge, die vor der Intrusion, 
also unter einem wesentlich grésseren hydrostatischen Druck im Gleich- 
gewicht mit der Schmelze standen und in ihr schwammen, oft nach dem 
Periklingesetz verzwillingt sind, méchten wir schliessen, dass Periklin- 
zwillinge auch als Wachstumszwillinge vorkommen kénnen. Méglicher- 
weise ist ein sehr grosser hydrostatischer Druck fiir die Bildung giinstig; 
denn die unter geringerem hydrostatischen Druck nach der Intrusion 
des Magmas kristallisierten Plagioklase zeigen weder als Rand der 
Kinsprenglinge noch als Gangfeldspate Periklinzwillinge. 

Augit. Die Augite des Hardeberga-Ganges bilden nur eine Gene- 
ration. Sie zeigen in Salbandnihe allotriomorphe Form, doch werden 
sie zur Gangmitte hin fast idiomorph. An einigen Stellen des Ganges 
ist der Augit chloritisiert. Trotz dieser Chloritisierung ist haufig die 
idiomorphe Form des Augites noch gut beobachtbar. Der unzersetzte 
Augit besitzt folgende optische EKigenschaften: 
2V = 48°, n/c = 34°, optisch positiv, Achsenebene | (010), 
Ng = 1.695, ng = 1.699, ny = 1.721, ny—ng = 0.026. Nach diesen 
Daten und der chemischen Analyse (Tab. 3) lasst er sich wohl als 
pigeonitischer Augit naher bezeichnen. 

Die Zusammensetzung des sorgfaltig isolierten Augits lieferte eine 
chemische Analyse (Tabelle 3). 
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Tabelle 3 
Analyse des Augits (G. Weitz). 
PLONE. S619 Sacro ae ee 48.83 
ALUN 8A Sy ode a 2.91 
ALOE ME aero 4.12 
He Ose er oii. sextomerom es 5,25 
REOi. Ces crtpimacn sec: 9.38 
ME Gere. natn soniekts 0.57 
Ma Oieinci sare cia corse ieres 14.18 
0: CARESS Aarne oan 14.38 

99.62 


Hieraus berechnet sich folgende Konstitutionsformel: 


Cay 5,Mg (fer, Mn**)o 5:(Fe’} 15 Tig osAlo,01) [Sty s3A]o 17%] : 


70,80 

Magnetit. Als einziges Erz kommt im Hardeberga-Gang Magnetit 
vor. Im Anschliff konnten keine Entmischungslamellen von Ilmenit 
festgestellt werden, obwohl die chemische Analyse des Gesteins (Ta- 
belle 2) einen verhaltnismissig hohen Titangehalt anzeigt. Die braun- 
rote Farbe im Auflicht des Anschliffes deutet auf einen hohen Titan- 
gehalt im unentmischten Magnetitkristall hin (Schneiderhéhn, 1943). 

Die Zwischenmasse. Die Letztausscheidung des Magmas ist 
die Zwischenmasse. In ihr erkennt man Quarz, der entweder in xeno- 
morphen Kérnern ausgebildet ist oder den Raum zwischen den sper- 
rigen Plagioklasen ausfiillt. Mit dem »Point-Counter» wurde der Anteil 
des Quarzes im Gestein zu etwa 2° bestimmt. Réntgenographisch 
wurde mit Hilfe eines Zahlrohr-Goniometers der Quarzgehalt des 
ganzen Gesteins zu etwa 4 °% ermittelt.1 Dieser Unterschied von etwa 
2% Quarz in beiden Messungen diirfte mit Sicherheit darauf zuriick- 
zufiihren sein, dass sich auch fein verteilter Quarz in der Zwischenmasse 
verbirgt, der mikroskopisch nicht beobachtet werden kann. 

Wie iiblich hat sich auch Apatit (etwa 0.5%) als diinne Nadeln in 
der Zwischenmasse ausgeschieden. In der Letztausscheidung vermuteter 
Orthoklas konnte durch die Anfarbemethode nach Keith (1939) und 
Chayes (1952) mikroskopisch nicht gefunden werden; ebenso liess sich 
rontgenographisch kein Orthoklas nachweisen. 

Sekunddre Bildungen. Der Gang ist in der Mitte stirker 
chloritisiert als am Salband. Integrationsmessungen ergaben einen 
 Chloritanteil von 9—15 Vol.-%, die analysierte Probe enthalt 8.6 
Gew.-%. An Kérnerpraiparaten konnte der Brechungsindex ng bzw. 
ny zu 1.628 gemessen werden. Der Chlorit ist optisch negativ. Der 
_ Achsenwinkel, der auf etwa 20° geschaétzt wurde, konnte nicht gemessen 
werden, weil das konoskopische Bild sehr unscharf war. Der Chlorit 


1 Fir die Bestimmung danken wir Herrn Dr. Brehler. 
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ist schwach pleochroitisch mit n, griingelb, ng hellgriin und ny olivgriin. 
Er zeigt oft ungleichmassige Ausléschung iiber das ganze Individuum, 
— Von den Gang-Plagioklasen sind etwa 15 % serizitisiert, was ront- 
genographisch an der auch chemisch analysierten Probe, die 5.6 m vom 
Salband entfernt ist, bestimmt wurde. 

Am Salband und in Salbandnaihe durchziehen vereinzelt diinne 
Calcitaiderchen das Gestein. Sie werden oft von Quarzkérnern um- 
sdumt. 

Wenn auch durch teilweise Zersetzung von Augit und Plagioklasen 
das Gestein bereits etwas verindert ist, so hat man dennoch einen 
relativ gut erhaltenen Basalt vor sich. 


3) Die Strukturen des Basalts. 


Im Gang kann ein auffilliger Wechsel verschiedener Gesteinsstruk- 
turen beobachtet werden. Am Kontakt zum Nebengestein findet man 
— wie iiblich — basaltisches Glas von einigen mm Breite. Daran an- 
schliessend zeigt der Gang iiber etwa 30 Zentimeter eine porphyrische 
Struktur; grosse Plagioklas-Einsprenglinge legen in einer sehr fein- 
kristallinen Grundmasse von Plagioklasen, allotriomorphen Augiten 
und von Magnetiten. Schon ab einer Entfernung von 0.30 m vom 
Salband herrscht intergranulare Struktur, wobei hier und da Augit 
und Plagioklase eine nach Krokstrém’s (1932) Definition subophitische 
Struktur bilden; d. h. einige sich in allen Richtungen kreuzende Plagio- 
klasleisten werden durch nicht idiomorphe gréssere Augitindividuen 
teilweise umwachsen. Die Plagioklase werden nicht vollstaéndig von 
Augit umschlossen, was nach Krokstrém dann eine ophitische Struktur 
ware. Die subophitische Struktur tritt von 0.30 m bis zu einer Entfer- 
nung von etwa 2.0 m vom Salband immer starker in den Vordergrund. 
Verfolgen wir die Struktur in weiterer Entfernung vom Salband, so 
iiberwiegt wieder die intergranulare Struktur. Nur vereinzelt um- 
schliesst ein Augitkristall eimige Plagioklasindividuen in der sub- 
ophitischen Art, und meist tuen es nur die Augite von kleinerer Korn- 
grosse. Bisher war diese subophitische Struktur nur in olivinfiihrenden 
Gesteinen Schwedens gefunden worden (Krokstrém 1932). 

In der Literatur herrscht noch keine Ubereinstimmung dariiber, 
wodurch die ophitische bzw. subophitische Struktur bedingt ist. Noch 
immer steht die Ausscheidungsfolge zur Diskussion. Jedoch weisen 
Beobachtungen im Basalt des Hardeberga-Ganges darauf hin, dass 
die Ausscheidungsfolge nicht die ausschlaggebende Rolle bei der Bildung 
jener Struktur spielt. 

Die Plagioklaskristalle, die in den Augit hineinragen, sind sowohl 
idiomorph als auch xenomorph ausgebildet. Die xenomorphen Plagio- 


OL 
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Abb. 1. Verhaltnis der Anzahl von Plagioklas- und Augitkristallen in Abhiingigkeit 
vom Salbandabstand; Gang von Hardeberga. 


klase haben Keilform mit der Spitze im mittleren Bereich des Augits. 

Beides wurde schon beobachtet, aber nicht nebeneinander in einem 

Gang, wie hier. Krokstrém (1932) beobachtete idiomorphe Plagioklas- 

leisten und schloss hieraus auf eine Erstausscheidung der Plagioklase. 

_ Fenner (1910) hingegen beobachtete Plagioklaskeile im Augit und fol- 
gerte daraus, dass die ophtitische bzw. subophitische Struktur durch 
gleichzeitige Kristallisation beider Minerale bedingt sei. 

An Hand unserer weiter unten mitgeteilten Untersuchung lisst sich 
aussagen, dass im Hardeberga-Gang wahrend der Kristallisation des 
Magmas in einer bestimmten Periode sich nur Plagioklase ausschieden, 

und dass spater Plagioklase und Augit gleichzeitig kristallisierten. Es 
kommen also beide Méglichkeiten der Bildung einer subophitischen 
Struktur wiahrend der Kristallisation eines Magmas vor, sowohl die 

von Krokstrém als auch die von Fenner beschriebene Bildungsart. 
Daraus folgt, dass nicht die Ausscheidungsfolge eine subophitische 
bzw. ophitische Struktur bedingt. 

Bildet man nun das Verhaltnis der Anzahl der Plagioklaskristalle 

zu der Anzahl der Augitkristalle im Basalt von Hardeberga, welche 
die Messungen an Diinnschliffen vom Nord-Salband bis zur Mitte des 
Ganges liefern, dann ergeben sich die in Abb. 1 in Abhangigkeit von der 
Entfernung vom Salband aufgetragenen Werte. Man erkennt deutlich 
einen Anstieg der Zahl der Plagioklaskristalle im Verhaltnis zur Zahl 
der Augitkristalle bis zu etwa 2.0 m vom Salband; hier ist ein deutliches 
Maximum ausgebildet und hier wird auch vorwiegend die subophitische 
Struktur beobachtet. Zu ihrer Bildung muss danach die Anzahl der 
Plagioklase die der Augite um das 2 bis 3-fache tiberstiegen haben. 
Dass die Anzahl der Plagioklaskristalle grésser sein muss als die der 
Augitkristalle, hat bereits Krokstrém (1932) in seiner Erklarung der 
‘subophitischen Struktur bemerkt. Somit ist die subophitische bzw. 


‘ophitische Struktur vor allem durch das Verhaltnis der Keimbildungs- 


a. ee 


626 H. WINKLER UND G. WEITZ [Nov.—Dec. 1956 


hiufigkeiten von Plagioklas und Augit bedingt, welche threrseits von 
der Abkithlungsgeschwindigkeit abhangig sind. 

Zur Abb. 1 ist zu bemerken, dass die Kurve nicht durch die Kreise, 
welche die Verhaltniszahlen der Proben zwischen 8.0 bis 10.0 m Ent- 
fernung vom Salband darstellen, gezogen worden ist, weil jene Ver- 
haltniszahlen nicht reell sind; denn die Augite sind zur Gangmitte — 
wie geschildert — teilweise in Chlorit umgewandelt, so dass die Anzahl 
der hier allein gezéhlten Augite natiirlich zu gering ist. Das Verhiltnis 
der Kristallanzahlen ist also dort zu hoch. 


4) Habitusinderung des Augits. 


Im Gestein des Hardeberga-Ganges lasst sich am Augit eine Habitus- 
anderung in Abhangigkeit vom Salbandabstand, d. h. von der Ab- 
kiihlungsgeschwindigkeit nachweisen. Das Verhaltnis der gréssten 
Linge b zur senkrecht dazu stehenden Breite a gibt ein Mass fiir 
die Langserstreckung der prismatischen Querschnitte des Augits im 
Diinnschliff. Messungen dieser Strecken an je 100 Augiten an verschie- 
denen Stellen des Ganges zeigten in emem schmalen Bereich, der etwa 
5 m vom Salband entfernt ist, eine um etwa 15 % gréssere Lingser- 
streckung als im tibrigen Gang. (Beispiele in Tab. 4.) 


Tabelle 4 


Entfernung vom Salband inm.................. lee 5.1 9.8 
Verhdiltnis bi a tc jit cine pieidiort cselemiad errata stax ate Live 1.97 1.74 


II. Bestimmung des Kristallisationsverlaufeg 
1) Methode. 


Die von Winkler (1949 b und c) vorgeschlagene Methode fiir die 
Rekonstruktion des Kristallisationsverlaufes beruht auf folgenden 
Voraussetzungen: 

a, Der Gang muss saiger stehen, damit gleichmassige Abkiihlung von 
beiden Salbandern gewihrleistet ist. 

b. Konvektionsstrémungen diirfen den Abkiihlungsprozess nicht 
wesentlich gestért haben. 

c. Die freiwerdende Kristallisationswérme wird vernachlissigt. 

d. Das Nebengestein muss etwa die gleiche Warmeleitung haben 
wie das Magma. 

Wenn diese Forderungen erfiillt sind, lisst sich die Abkihlungs- 
geschwindigkeit des Magmas am Modell der planparallelen Platte be- 
rechnen. Die Anderung der Temperatur sowohl mit der Zeit t wie 


mit dem Ort x lisst sich durch folgende partielle Differentialgleichung 
beschreiben: 
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wobei a eine Materialkonstante ist und als Temperaturleitzahl bezeich- 
net wird. Sie ist das Verhaltnis der Warmeleitzahl 2 zu dem Produkt 
aus spezifischer Warme c und der Dichte o des Stoffes, also 


A 
 — 
oe 
Sie hat die Dimension cm?sec—t. 

Die analytische Lésung der Gleichung ist in den meisten Fallen 

schwierig. Fiir planparallele Platten aber hat sich eine graphische 
Lésung (E. Schmidt, 1945) bewahrt, bei der von der Differentialglei- 
chung. zu einer Differenzengleichung iibergegangen wird. Die sich 
berechnenden Abkithlungsgeschwindigkeiten wurden graphisch in Ab- 
hingigkeit vom Abstand r aufgetragen. Da zur Gangmitte hin das 
_Differenzenverfahren ungenau wird und daher zu streuenden Werten 
fiihrt, wurde graphisch interpoliert. Hieraus sind die Abkihlungs- 
geschwindigkeiten entnommen, die tabellarisch im Anhang aufgefiihrt 
sind und im folgenden benutzt werden. — In einer friiheren Arbeit 
(Winkler 1949 c) sind bei der Aufstellung der Tabelle einige Fehler 
unterlaufen, die hier korrigiert sind. 

Um von der absoluten Gangmachtigkeit unabhangig zu sein, und da 
die tatsichliche Temperatur des Magmas nicht bekannt ist, wurde fiir 
diese beiden Gréssen je eine Verhaltniszahl eingefiihrt. Der Ort im 
Gang wird durch das Verhialtnis r = R/R, angegeben. Dabei bedeutet 

-R den Abstand von der Gangmitte und R, die halbe Gangmachtigkeit. 
Es ist also r= 1.0 das Salband und r = 0.0 die Mitte des Ganges. 
t > 1 liegt im Nebengestein. 

Die Temperatur an irgend einem Ort des Ganges wird angegeben als 

_Verhaltnis zweier Temperaturdifferenzen: 

t—t, 


0 =— 
a eee 


“Dabei bedeutet: 
t,, die Intrusionstemperatur des Magmas, 


s ‘ 

_ t, die Temperatur des Nebengesteins unmittelbar vor der Intru- 

‘ sion seit ey? 

- t eine Temperatur, die sich aus t,,, t, und dem jeweiligen @ berech- 
:; net. 


Die Abkiihlungsgeschwindigkeiten fiir die Temperaturbereiche 
AO = 0.20 AO = 0.15, AO = 0.10 und AO = 0.05 sind im Anhang 


41—563060. G.F. F. 1956. 
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aufgefiihrt. Sie gelten fiir einen Vergleichsgang mit der halben 
Gangmichtigkeit von Ry, = 100 cm. Fiir jeden Vergleichsgang mit 
einer grésseren Machtigkeit miissen die Abkiihlungsgeschwindigkeiten 
durch das Quadrat der halben Gangmiachtigkeit dividiert werden, da 
die Abkitthlungsgeschwindigkeit umgekerht proportional dem Quadrat 
der Gangmichtigkeit ist. 

Jene Beziehung zwischen Abkihlungsgeschwindigkeit und Ort 
bildet die eine Grundlage der Methode. Um jedoch den Zusammen- 
hang zwischen Korngrdsse und Ort berechnen zu kénnen, den wir 
in Giangen beobachten, muss noch die Abhangigkeit der Korngrésse 
von der Abkithlungsgeschwindigkeit bekannt sein. Winkler (1949a) 
hat diese Abhangigkeit an einem gesteinsbildenden Silikat, dem Nephe- 
lin, experimentell bestimmt, und damit die zweite, auf einem Experi- 
ment fussende Grundlage der Methode geschaffen. Es lassen sich nun 
Kurven aufstellen, siehe Abb. 3, die die Beziehung zwischen Korngrésse 
und Ort in verschiedenen Temperaturbereichen angeben (vergl. Wink- 
ler, 1949 b und c). Die berechneten Kurven lassen sich itiber folgende 
Grossen variieren: 


a. die Hohe der Temperatur, d. h. den Werten von 0 
b. die Grosse der Temperaturbereiche 40 
c. Die Gangmiachtigkeit 2 Ro. 


Es hangt nicht nur die Héhe der Kurven, sondern auch die Art des. 
Kurvenverlaufes, d. h. die Anderung der Korngrésse mit dem Ort von. 
den oben genannten Gréssen ab. 

Zur Bestimmung des Kristallisationsverlaufes im Magma miissen. 
nun berechnete Kurven herausgesucht werden, die dieselbe Gestalt 
haben, wie die Kurven, die sich aus den Korngréssenmessungen quer. 
uber einen Gang ergeben. Die berechneten Kurven miissen fiir simtliche | 
Minerale fiir ein und dieselbe Gangmachtigkeit gelten. Letztere stimmt 
im allgemeinen nicht mit der wahren iiberein, da sie ja iiber die experl 
mentellen Kurven des Nephelins bestimmt wurden. Auch beziehen sich 
die Korngréssen der Vergleichskurven auf Nephelin, so dass die absolute 
Korngrésse fiir die Auswertung der Kurven nicht massgebend ist. 
Die berechneten Korngréssenkurven geben den Temperaturbereich an, 
in dem die Hauptmenge der Minerale kristallisierten. So lasst sich die. 
Kristallisationsfolge der Minerale feststellen. Es lasst sich jedoch 
(Winkler, 1949c) auch noch feststellen, ob ein gewisser kleinerer Anteil 
in einem tieferen bzw. héheren Temperaturbereich auskristallisiert ist; 
man untersucht, wieviel Prozent an Kristallen in einem anderen Tem-. 
peraturbereich auskristallisiert sein kénnten, ohne dass die Art des 
Kurvenverlaufs merklich geandert wird. | 
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9) x i y : 
2) Korngréssenanderung der Plagioklase, des 
Augits und des Magnetits im Hardeberga-Gang. 


Die Grundvoraussetzung der symmetrischen Abkiihlung ist beim 
Hardeberga-Gang erfiillt, weil er saiger steht. Die Aussagen, die durch 
die Untersuchungen vom Nord-Salband bis zur Mitte des Ganges 
gemacht werden, gelten daher ohne weiteres fiir die andere Hiilfte des 
Ganges. 

Die Korngréssenmessungen und Kornzaéhlungen wurden an Diinn- 
schliffen durchgefiihrt, deren Standorte vom Nord-Salband bis zur 
Mitte des Ganges jeweils 0.5 m auseinanderlagen. Zu den Messungen 
wurde der Integrationstisch nach Dr. Dollar benutzt. In jedem Schliff 
wurden etwa 800—1 000 Plagioklase, 300—400 Augite und 100—150 
Magnetite nach der Rosival-Methode vermessen und ausgezahlt. Die 
Messwerte sind in Abb. 2 aufgetragen. Die durch die Messpunkte gelegten 
Kurvenziige geben die Korngrésseninderung vom Salband bis zur 
Mitte des Ganges fiir die einzelnen Mineralarten wieder. Man sieht, 
dass — wie im Cleveland-Gang (Winkler, 1949 c) — auch hier nur die 
Plagioklase eine maximale Grésse zur Gangmitte hin erreichen und 
behalten. Sowohl der Augit als auch der Magnetit zeigen ein ausgepriagtes 
Maximum in einem Bereich, der etwa um +/; der Gangmichtigkeit von 
den Salbindern entfernt ist. 


3) Bestimmung der Kristallisationsfolge. 


Es konnte fiir den Hardeberga-Gang eine recht gute Ubereinstim- 
mung der berechneten mit der beobachteten Korngréssendnderung 
-erzielt werden, wenn man mit einem Vergleichsgang der halben Gang- 
machtigkeit von R, = 4.05 rechnet; man vergleiche Abb. 3 mit Abb. 2. 
Hiernach begann im Hardeberga-Magma die Kristallisation mit den 
Plagioklasen und erstreckte sich iiber einen Temperaturbereich von 
O = 0.85—0.60; bereits 80% aller Plagioklase sind im Temperatur- 
‘bereich O = 0.85—0.70  kristallisiert; wahrend 12.5 °, zwischen 
© = 0.70—0.65 und die restlichen 7.5% im Bereich 0 = 0,65—0.60 
kristallisiert sein diirften. Als zweites Mineral folgte bei etwa 0 = 0.80 
der Magnetit, der seine Kristallisation ebenfalls bei etwa O = 0.60 
beendete. Von O = 0.75—0.60 scheint der Augit kristallisiert zu sein. 
Spiitere Uberlegungen (siehe S. 635) werden jedoch zeigen, dass der 
Augit bei einer héheren Temperatur seine Kristallisation begonnen 


_ 1 Da die Montage dieses Integrationstisches auf ein Leitz-Mikroskop nicht die erfor- 
derliche Festigkeit ergab, wurde der Integrationstisch durch zwei diametral liegende von 
oben einfiihrbare Schrauben auf dem Mikroskop befestigt. Diese Montage erlaubt eine 
schnelle Justierung des Instruments, die sonst nach der vorgeschriebenen Art recht 


eitraubend ist. 
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Abb. 2. Korngrésseninderung der Plagioklase, des Augits und des Magnetits vom Sal- 
band bis zur Mitte des Hardeberga-Ganges. 


haben muss, nimlich bereits etwas oberhalb O = 0.8. Das bedeutet, 
dass das Maximtm der Kristallgréssenkurve des Augits nicht so hoch 
sein sollte, wie es festgestellt worden ist. 

Wir miissen uns jetzt daran erinnern, dass die Augitkristalle gerade 
in dem Bereich, in dem das Maximum der Korngréssenkurve beobachtet 
wird, einen um etwa 15 °% langlicheren Habitus haben als in den 
anderen Bereichen des Ganges. Qualitative Uberlegungen fiihrten nun 
zu dem Ergebnis, dass die mittleren Sehnenlangen, die mittels des 
Integrationstisches gemessen werden und die als Mass fiir die Kristall- 
groéssen verwendet worden sind, von flaichengleichen Rechtecken um 
so grésser sind je grésser die Lingserstreckung des Rechteckes ist. 
Mit anderen Worten, von Kristallen mit linglicherem Habitus wird 
eine etwas gréssere mittlere Sehnenlinge (mittlere Kristallgrésse) 
mittels des Integrationstisches ermittelt als von Kristallen mit kiirzerem 
Habitus. Infolgedessen sind die Messdaten im Bereich des langlicheren 
Habitus der Augitkristalle nicht ohne Beriicksichtigung eines Korrek- 
turfaktors mit den Messdaten im iibrigen Bereich des Ganges vergleich- 
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Abb. 3. Berechnete Kristallgréssenkurve fiir einen Vergleichsgang von Ry = 4.05 m. 
Plagioklaskurve fiir 80 % im Temperaturbereich .......... @ = 0.85—0.70 

12.5 + 2.5 % etl ee SRE OIE O = 0.70—0.65 

: _ 154 2.5% $9 wy o Set died 0 = 0.65—0.60 
Augitkurve fiir 95 % im Temperaturbereich............ O = 0.75—0.65 
nats * hey me peg a ie herons crete e 0 = ().65—0.60 

Magnetitkurve » 95% » 9 ee Ohad. ck orereinet Ne @ = 0.80—0.65 
¥ a oe ARCO Orato @ = ().65—0.60 


bar; d. h. das steile Maximum in der Kristallgréssenkurve des Augits 
wiirde flacher verlaufen, wenn die Habitusinderung nicht vorhanden 
wire. Hs ist offensichtlich, dass deutlich erkennbare Habitusinderungen 
im Gestein eines Ganges die Anwendbarkeit unserer Methode zur 
Rekonstruktion eines Kristallisationsverlaufes stark einschrinken. 
Aber wir werden sehen, dass es auf andere Art méglich ist, genauere 
Aussagen iiber den Beginn der Augitkristallisation zu machen. 


4) Quantitative Bestimmung der einzelnen Pla- 
gioklasglieder und ihre Kristallisation. 


Nachdem festgestellt wurde, dass die Plagioklase tiber einen grossen 
Temperaturbereich auskristallisierten, lag die Vermutung nahe, dass 
eine fraktionierte Kristallisation im Magma vor sich gegangen war, 
da eine vollstandige Gleichgewichtseinstellung wegen der relativ 
schnellen Abkiihlung des Magmas im Gang nicht erwartet werden 
kann. Um dies zu untersuchen, wurden die Plagidklase aus dem Ge- 


stein isoliert. 
_ Es wurde das Handstiick, welches 5.6 m von Nord-Salband entfernt 


ist, verwendet. Eine Fraktion von 0.11 mm—0.06 mm erwies sich als 
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bd 


beste Korngrésse fiir die Trennung. Man erhielt bei dieser Fraktion 
einzelne gut voneinander isolierte Mineralkorner. Mit Acetylentetra- 
bromid als Schwerefliissigkeit wurde die leichte Fraktion — Plagioklas, 
Chlorit, Quarz — von der schweren Fraktion — Augit und Magnetit — 
in einem Scheidetrichter nach Schroeder (1930) in einer Zentrifuge 
getrennt. Der Chlorit wurde durch heisse verdiinnte Salzsdiure zerstort 
und so die Feldspatfraktion bis auf den Quarz recht rein erhalten. 
Um die Zusammensetzung der Plagioklase zu ermitteln, wurde die 
Kurve von Tsuboi (1923) benutzt, welche die Brechzahl ny von Spalt- 
flachen nach (010) und (001) in Abhangigkeit vom Chemismus angibt. 
Es wurden nun diejenigen Brechflissigkeiten eingestellt, mit denen 
die Feldspite in den Bereichen An 70—65, An 65—50, An 50—30 und 
An 30—10 bestimmt werden konnten. Damit liess sich der Vol-°%-Anteil 
der einzelnen Plagioklasglieder bestimmen, der in der Tabelle 5 auf- 
gefiihrt ist. Aus ihr wird deutlich, dass nur 2/; aller Plagioklase Labra- 
dorit sind, */, ist Andesin und noch 11% sind sogar nur Oligoklas. 
Damit ist klar, dass eine fraktionierte Kristallisation im Basaltmagma 
von Hardeberga stattgefunden hat, so wie es auch von einem anderen 
basaltischen Gang berichtet werden konnte (Winkler, 1949 d). 


Tabelle 5 


Der Anteil (Vol-%) der verschiedenen Plagioklase im Basalt 
von Hardeberga. 


na! An-Gehalt der 
auf (001) baw. Plagioklase Vol-% 
(010) in Mol-% 
> 1.5640 > An 70 1 % (=Einsprenglinge) 

1.5640—1.5620 An 70—65 4% 
1.5620—1.5535 An 65—50 60 % 
1.5535—1.5435 An 50—30 24 % 
1.5435—1.5335 An 30—10 11 % 

100 % 


In jeder Brechflissigkeit wurden 250 Kérner bestimmt und aus- 
gezihlt. Die gefundenen 1% Bytownit entsprechen den Einspreng- 
lingen, die mit dem Integrationstisch ebenso zu 1° bestimmt wurden. 

Neuerdings hat Schwarzmann (1956) aus vulkanischen Gesteinen 
fiir Plagioklase, die als Hochtemperaturmodifikation angesehen werden, 
mit einem An-Gehalt von 0—50 An die Hauptbrechzahlen n, und ny be- 
stimmt. Diese Werte liegen gegeniiber denen der Tieftemperatur- 
modifikation nach Chayes (1952) im Bereich von An 30—An 50 um 
etwa 1—3 x 10 und im Bereich von An 0— An 30 um etwa 3—4 x 10-3 
niedriger. Kin Plagioklas der Hochtemperaturmodifikation hatte da-_ 
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Abb. 4. Kristallisationsfolge und Kristallisationsmenge der Plagioklase. 
Alle Plagioklase (ohne intratellurische Einsprenglinge) als 100 %; ihr Anteil am Gestein 
macht 41.5 Gew-%. 


nach im Bereich von An 30—An 50 eine Lichtbrechung wie ein um 
2—4°, An-reicherer Plagioklas der Tieftemperaturmodifikation und 
im Bereich von An 0—An 30 wie ein um 4—6 94 An-reicherer Plagioklas 
der Tieftemperaturmodifikation. 

Wie durch roéntgenographische Untersuchungen gezeigt werden 
kann, tritt Plagioklas nicht nur in der Hoch- und der Tiefmodifikation 
auf; vielmehr liegen auch haufig Zwischenzustinde vor. Der Plagioklas 
des Basalts von Hardeberga befindet sich in einem solchen Zwischen- 

zustand. Es lassen sich daher die Lichtbrechzahlen fiir die Tief- bzw. 
Hochmodifikation fiir die Bestimmung der tatsaichlichen Zusammen- 
setzung der Plagioklase im Basalt von Hardeberga nicht exakt ver- 
wenden. Der Fehler, der in unserer Bestimmung der Plagioklaszusam- 
mensetzung mit Hilfe der Daten von Tsuboi auftritt, ist jedoch so ge- 
ring, dass sich an unseren Ausfiihrungen nichts Grundlegendes andert. 
Vor allem bleibt voll die Beobachtung bestehen, dass in unserem 
basaltischen Magma sich Plagioklase von Labradorit bis Oligoklas 
ausgeschieden haben. 

Auf Grund der vorher gemachten Angaben, némlich dass 80 % aller 
Plagioklase im Temperaturbereich @ = 0.85—0.70, weitere 12.5% 
im Bereich 9 = 0.70 = 0.65 und 7.5% im Bereich O = 0.65—0.60 
auskristallisiert sind, gelangt man zu der Darstellung der Abb. 4. 
In ihr schliesst die obere Kurve mit der Abszisse und Ordinate eine 
Flache ein, welche die Menge des gesamten Feldspates reprasentiert; 
die Flache iiber dem @-Bereich 0.85—0.70 représentiert die oben ange- 
gebenen 80 %, usw. In diese Darstellung konnen nun auch die Mengen 
der verschiedenen Plagioklasglieder der Tab. 5 eingetragen werden; 
denn bei den niedrigsten Temperaturen miissen ja die An-dérmsten 
: Plagioklase kristallisiert sein. Demnach miissen die 11% Oligoklas 
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etwa im Temperaturbereich @ = 0.66—0.60 kristallisiert sein, die 
24 °/ Andesin im Bereich O = 0.732—0.660 und die 61 % Labradorit 
der Zusammensetzung An 65—50 im Bereich 0 = 0.842—0.732; die 
restlichen 4°% Labradorit mit An > 65 haben sich dann im Bereich 
O — 0.85—0.842 gebildet. 

Wenn man die Zusammensetzung der Plagioklase (auf Abb. 4 unten 
angegeben) von @ = 0.842, bei dem An 65 kristallisiert, linear bis 
zum O-Wert 0.85 extrapoliert, dann erhilt man eine Zusammensetzung 
von An 66. Mit dieser Zusammensetzung miisste also die Kristallisation 
der Plagioklase nach der Intrusion begonnen haben. Das stimmt auch 
fast genau mit derjenigen An-reichsten Zusammensetzung tberein, 
nimlich An 68, die als schmale Aussenzone zuerst um die intra- 
tellurischen Plagioklaseinsprenglinge nach der Intrusion kristalli- 
sert ist. 


5) Bestatigung der Erstkristallisation der Pla- 
gioklase mit anderen Methoden. 


Die Erstausscheidung der Plagioklase, die aus der Veranderung der 
Kristallgré6sse mit dem Salbandabstand ermittelt wurde, wird auch 
auf andere Weise bestitigt. Im Basalt des Hardeberga-Ganges findet 
man nur Plagioklas-Einsprenglinge, die nach Barth (1936) Auskunft 
dariiber geben, dass dieses Mineral als erstes in einem basaltischen 
Magma kristallisierte. 

Es lasst sich noch auf eine ganz andere Art die Erstausscheidung 
der Plagioklase bestétigen, némlich nach Barth (1936) an Hand der 
chemischen Analyse des HEruptivgesteins. Barth hat bekanntlch im 
Vierstoffsystem der Normativ-Minerale Albit-Anorthit-Diopsid-Hyper- 
sthen fiir den mittleren Bereich des Vierstofftetraeders die kotektische 
Flache von Plagioklas und Pyroxen ermitteln kénnen, welche das Vier- 
stofftetraeder in emen Plagioklas- und einen Pyroxenraum aufteilt. 
Barth konnte die Lage jener kotektischen Flache durch die Gleichung 
ab’ + 2 di’ + 2.3 hy’ = 123 + 5 festlegen. Wenn nun fiir ein basal- 
tisches Gestein der Wert jener Gleichung grésser als 123 + 5 ist, dann 
bedeutet das, dass zuerst Pyroxen auskristallisiert; d. h. der darstellende 
Punkt der Schmelze liegt im Pyroxenraum. Ist jener Wert da- 
gegen kleiner als 123 + 5, dann beginnt die Kristallisation mit Plagio- 
klasen. 

Berechnet man die Molekular-Norm aus der chemischen Analyse 
des Basaltes von Hardeberga, dann ergibt sich als Wert der Gleichung 
116.6. Man erhalt also einen Wert, der kleiner als 123 ist, so dass die 
Kristallisation auf Grund der Barth’schen Feststellungen mit Plagio- 
klas beginnen musste. 
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6) Genauere Bestimmung der Augit-Kristallisa- 
tion. 

Die noch verbliebene Unsicherheit iiber den Beginn der Augit- 
kristallisation soll nun beseitigt werden, was ebenfalls mit Hilfe der 
Barth’schen Gleichung méglich ist. Denn da als erstes Mineral Plagio- 
klas auskristallisiert ist, kann eine hinreichende Menge an Plagioklas 
ermittelbarer Zusammensetzung von der Zusammensetzung der Aus- 
gangsschmelze abgezogen werden (nachdem die 0.9 °% intratellurischen 
Einsprenglinge der mittleren Zusammensetzung An 75 abgezogen 
werden sind), bis die Zusammensetzung der dann verbleibenden Rest- 
schmelze gerade die Barth’sche Gleichung erfiillt. Die Rechnung ergibt, 
dass nach Abzug von 13% Plagioklasen der mittleren Zusammen- 
setzung An 64 dies der Fall ist, d. h. nachdem jene Menge an Plagio- 
klasen kristallisiert ist, hat die Schmelze gerade die kotektische Flache 
Plagioklas-Augit erreicht, so dass nunmehr Augit gemeinsam mit 
Plagioklas kristallisiert. Die Temperatur, bei der sich 13 % An-reiche 
Plagioklase gebildet haben, lasst sich aus der Abb. 4, der Darstellung 
der Kristallisationsmenge in Abhangigkeit von der Temperatur, ent- 
nehmen; sie liegt bei O = 0.825; dies ist also ungefihr der O-Wert, 
bei dem Augit zu kristallisieren begann. 


7) Kristallisationsabfolge. 

_ Als Kristallisationsabfolge ergibt sich nun fiir die Mineralarten 
Plagioklas, Augit und Magnetit, dass —abgesehen von den wenigen 
intratellurischen Einsprenglingen — Plagioklase ihre Kristallisation 
bei O = 0.85 begonnen haben; es folgte Augit bei einem Temperatur- 
wert von etwa O = 0.825 und Magnetit bei etwa O = 0.80. 

Man darf wohl annehmen, dass die mengenmissige Ausscheidung 
des Augits mit Abnahme der Temperatur ahnlich verlaufen ist, wie die 
der Plagioklase (Abb. 4), so dass sich das Schaubild der Abb. 5 ergibt, 

aus dem wir entnehmen, dass in den verschiedenen Temperaturbereichen 

_etwa die in Tab. 6 dargestellten Mineralmengen kristallisiert sind. Die 
ebenfalls angegebene mittlere Zusammensetzung der in jeweils einem 
Temperaturbereich kristallisierten Plagioklase wurde aus Abb. 4 
durch Interpolation unter Beriicksichtigung der dargestellten Mengen- 

_verteilung ermittelt. 

Da ungefihr 22° der urspriinglich vorhandenen Augite nach- 
traglich chloritisiert worden sind, wurde in Tab. 6. die jeweils ent- 

-sprechende Menge Chlorit hinter der Bezeichnung »Augit, jetzt Chlorit» 
aufgefiihrt. Die Mengenangaben fiir Augit und »Augit, jetzt Chlorit» 

sind also zu addieren, um die Menge des in den verschiedenen Tempera- 


turbereichen primar kristallisierten Augits zu erhalten. 
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Abb. 5. Kristallisationsabfolge des Plagioklases, Augits und Magnetits. 
Die Mengen (Gew-% sind als Flache dargestellt, die die Kurve mit der Abszisse ein- 
schliesst. 5 Gew-% entsprechen der Fliche des eingezeichneten kleinen Quadrates. 
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8) Uber die chemischen Verainderungenim Laufe 
der Kristallisation. 


Mit den Angaben der Tabelle 6 kénnte man rechnerisch verfolgen, 
wie sich die chemische Zusammensetzung des Magmas im Laufe der 
Kristallisation verandert, wenn die Zusammensetzung der kristallisie- 
renden Minerale bekannt und das Gestein nicht teilweise zersetzt 
ware. Wir kennen zwar die Analyse des Augits, auch die mittleren 
Zusammensetzungen der in den verschiedenen Temperaturbereichen 
kristallisierten Plagioklase sind annahernd bekannt, und auch die 
Zusammensetzung des Magnetits lasst sich in etwa ermitteln, aber die 
sekundadren Veranderungen eines Teiles des Augits und Plagioklases 
bringen erhebliche Unsicherheiten in eine solche Rechnung. Wenn wir 
sie trotzdem durchfiihren, dann nur um zu zeigen, welche Tendenzen 
bei der chemischen Verdnderung des kristallisierenden basaltischen 
Magmas zu erwarten sind. 

Etwa 15 % der Plagioklase sind in der Probe des chemisch analysier- 


ten Gesteins serizitisiert. Fiir den Serizit wurde die Zusammensetzung 


SiO, 52.3; Al,O, 34.3; K,O 8.6, H,O 4.8% angenommen, die sich als 
Mittelwert von Serizit-Analysen (Hintze 1897) ergibt. Ausserdem wurde 
bei der Zusammensetzung der Plagioklase beriicksichtigt, dass sie mei- 
stens eine geringe Orthoklaskomponente enthalten, die mit 2% ver- 


_ anschlagt wurde. 


Die Zusammensetzung des Magnetits wurde folgendermassen er- 
mittelt: Vom gesamten Fe,0, und TiO,, das die chemische Analyse 
zur Verfiigung stellt, wird das im Augit enthaltene Fe,0,; und TiO, 
abgezogen. Der Rest wird mit FeO in dquivalenten Mengen zum 
Magnetit zusammengesetzt und dann auf den Anteil im Gestein um- 
gerechnet. Damit erhalt der stark Ti-haltige Magnetit eine Zusammen- 


setzung: 
Fe,0,; 44.9; FeO 36.6; TiO, 18.5%, was Fe,0, 65.1%, FeTi0,34.9 % 


- entspricht. 


Von dem urspriinglichen Augit sind etwa 22; in Chlorit umgewan- 
delt worden. Die Zusammensetzung des Chlorits in bezug auf FeO, 
MgO und Fe,0, lasst sich annaihernd aus dem verbleibenden Rest 
jener Oxyde berechnen, denn ihr Anteil diirfte in der letzten Rest- 
schmelze, der Zwischenmasse, von etwa 8 Gew.-% nur noch sehr gering 
sein, so dass er fiir unsere Naherungsrechnung vernachlassigt werden 
kann. Fiir den Chlorit nehmen wir nun folgende Zusammensetzung an: 


SiO, 32.1; Al,O, 10.1; Fe,O, 1.9; FeO 19.6; MgO 23.8; H,O 12.5; als 


ani 


Strukturformel ergibt sich: 
Mg 3,678 168K © 6,1540,50[ (OH) s5i3, 29419 719 10]: 
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Fiihrt man die Rechnung durch, dann ergibt sich (wenn man im 
letzten Temperaturbereich statt 2% Quarz 3% abzieht), dass die 
letzte Restschmelze, die bei der fraktionierten Kristallisation unterhalb 
@ 0.6 gebildet wird, die Charakteristika einer granitischen Zusammen- 
setzung hat, naimlich es sind fast nur noch die normativen Minerale 
Quarz, Orthoklas und Albit in etwa gleichen Mengen vertreten. Moderne 
Experimente haben uns unmittelbar gelehrt, dass »this 1s the compo- 
sition towards which the liquid should migrate in the fractional crystalli- 
zation of any material containing all the rock-forming oxides» (Bowen, 
1954). Die Menge der Restschmelze granitischer Zusammensetzung 
betragt bei dem hier untersuchten basaltischen Magma von Harde- 
berga rund 10 Vol.-%; wahrend sie bei dem erheblich SiO,- reicheren 
tholeiitischen Magma des Cleveland-Ganges mit 40 Vol.-% (Winkler, 
1949d) wesentlich grésser ist. 

Die chemischen Verinderungen des fraktioniert kristallisierenden 
Magmas bis zur Erreichung der letzten Restschmelze sind ahnlich den 
vom Cleveland-Gang beschriebenen. 


9) Intrusionstemperatur und Kristallisations- 
temperaturen. 


Es ist wiinschenswert, wenn man den bisher angegebenen 0-Werten 
die Temperaturen in Celsiusgraden zuordnet. Hierfiir bendtigt man die 
Intrusionstemperatur des Magmas, t,,, und die Temperatur des Neben- 
gesteins vor der Intrusion, t,; vergl. 8S. 627. Diese uns unbekannten 
Temperaturen kénnen wir annéhernd ermitteln. Aus hydrothermalen 
Experimenten von Tuttle und Bowen (Bowen, 1954; Tuttle, 1955) 
ist bekannt, dass granitische Schmelzen bei einer Minimaltemperatur 
von 720°C kristallisieren, wenn der H,O-Druck 1000 Atm betragt; 
herrscht nur ein Druck von 500 Atm, dann hegt jene Temperatur 
bei 775° C und bei 4 000 Atm bei 640° C. Nehmen wir nun an, dass der 
H,0-Druck 1000 Atm betragen haben mége, was einer Erdtiefe von 
etwa 4 km entspriche, dann diirfen wir dem 0-Wert 0.60, bei dem eine 
granitische Schmelze vorliegt, eine Temperatur, t, von ungefahr 750° C 
zuordnen. Fiir die vor der Intrusion im Nebengestein in 4 km herrschende 
Temperatur, t,, diirfen wir etwa 120° C einsetzen, so dass sich hier als 
Intrusionstemperatur des Magmas t,, = 1 170° C ergibt, was im Hin- 
blick auf die Messungen in Lavaseen sehr plausibel sein diirfte. Nun- 
mehr kénnen wir auch den anderen hier interessierenden O-Werten 
die Temperatur in ° C zuordnen, was in Tabelle 7 geschehen ist. Die als 
ungefihre Angaben zu betrachtenden Temperaturen stimmen mit 
unseren petrogenetischen Vorstellungen gut iiberein. 
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Tabelle 7 


Ungefaihre Temperaturen im Verlaufe der Kristallisation 
des Hardeberga-Magmas. 


| (0) | ° @ 
Intrusionstemperatur des Magmas..... 1.00 1170 
Eabradorit, “An?00 voc aos) eee cee 0.85 1010 
Augit, Kristallisationsbeginn .......... 0.825 985 
Magnetit, Kristallisationsbeginn ....... 0.80 960 
Aspe Abi cdecnt cee oe eeer ae 0.73 885 
Ate OU ese soe eee oe eee 0.66 810 
granitische Restschmelze ......./...... < 0.60 < 750 


Meinen schwedischen Kollegen, Prof. Dr. E. Norin und Dr. 8S. Stenestrém danke ich 
sehr herzlich fiir ihre Hilfe beim Auffinden von Giangen und Schlagen der Proben in 
Schonen. Der Deutschen Forschungsgemeinschaft sei vielmals fiir die Gewaihrung von 
apparativen Leihgaben und fiir eine Reisebeihilfe gedankt. 


Zusammenfassung 


Quer zu einem saiger stehenden, 22 m miachtigen Basaltgang von Schonen wurden 
' in kurzen Abstinden Proben entnommen, die optisch und chemisch untersucht wurden. 
Auf Strukturainderungen innerhalb des Ganggesteins und auf eine Habitusiinderung der 
Augite in Abhangigkeit von der Abkiihlungsgeschwindigkeit wird besonders hingewiesen. 
Die Untersuchung der Plagioklase ergab, dass Zusammensetzungen von Labrador bis 
Oligoklas (in geringer Menge) vorkommen, was beweist, dass im kristallisierenden Magma 
ein fraktionierte Kristallisation stattgefunden hat. Auf Grund der festgestellen Ver- 
anderung der mittleren Kristallgréssen mit dem Salbandabstand und anderen Methoden 
konnte der Kristallisationsverlauf des abktihlenden basaltischen Magmas rekonstruiert 
werden; die letzte Restschmelze hat eine granitische Zusammensetzung und macht etwa 
10 Vol-% aus. Ungefahre Angaben iiber Kristallisationstemperaturen der Minerale und 
iiber die Intrusionstemperatur des Magmas konnten gemacht werden. 
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Anhang 


Mittlere Abkihlungsgeschwindigkeiten in °C/h in verschie- 
denen Temperaturbereichen fiir einen Gang der halben 
Machtigkeit Ry = 100 cm (Siehe S. 627) 


40 = 0.20 


182 130 
101 49.4 
42.8 24.4 
24.5 13.3 
14.4 8.8 
10.4 6.6 
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AO = 0.10 

aes 1.0— | 0.95— | 0.90 0.85 0.80 0.75 0.70 0.65 
0.90 0.85 0.80 0.75 0.70 0.65 0.60 0.55 

r 0.95 183 133 30.0 5.0 
1 0.90 195 122 45.7 14.9 ol lsu 
0.85 175 78.5 28.8 17.0 6.8 Des 1.4 
0.80 125 67.4 28.2 14.6 9.5 4.0 el 1.3 
0.75 60.2 28.5 15.6 9.1 5.3 3.0 2.0 13 
0.70 33.0 16.3 10.6 6.5 4.0 25 1.9 1.3 
0.65 19.3 10.0 CPx 4.9 3.4 2.3 1.9 des 
0.60 125 7.7 6.0 4.0 2.9 29 1.9 1.3 
0.55 9.0 6.3 4.9 3.8 28 D2 1.9 13 
0.50 6.8 5.4 4.5 3.5 Bi 222, 1.9 1,83 
0.45 5.4 4.6 4.2 3.4 2.6 Dye 1.9 13 
0.40 4.5 4.4 4.0 3.4 2.5 Oe 1.9 1.3 
0.30 4.5 4.3 4.0 3.4 2.5 2g 1.9 1.3 
0.20 4.5 4.3 4.0 3.4 2.5 2 1.9 3 
0.10 4.5 4.3 4.0 3.4 2.5 239. 1.9 1.3 
0.00 4.5 4.3 4.0 3.4 2.5 ee) 1.9 1.3 

AO = 0.05 

pics: 1.0— 0.95— | 0.90— | 0.85— | 0.80— | 0.75— | 0.70— | 0.65— 
0.95 0.90 0.85 0.80 0.75 0.70 0.65 0.60 

r 0.95 187 97.5 17.6 
1 0.90 62.5 25.2 10.5 4.2 
0.85 144 66.6 19.3 11.1 4.9 oe 
0.80 51.8 19.1 10.5 6.0 3.1 1.6 
0.75 180 56 19.1 fd. 8 6.4 4.6 2.4 1.6 
0.70 56 24.0 12.5 8.3 4.7 2.2 AD: 1.6 
0.65 33 14.1 8.4 6.3 3.6 Pea 2.0 1.6 
0.60 20 9.0 5 4.9 3.5 2.6 2.0 1.6 
0.55 12.5 6.3 5.2 4.2 3.5 2.6 2.0 1.6 

i 0.50 7.5 5.2 4.6 3.8 3.5 2.6 2.0 1.6 
0.45 55 4.9 4.4 3.8 3.5 2.6 2.0 1.6 
0.40 5.0 4.7 4.4 3.8 3.5 2.6 2.0 1.6 
0.30 5.0 4.7 4.4 3.8 3.5 2.6 2.0 1.6 
0.20 5.0 4.7 4.4 BPS 3.5 2.6 2.0 1.6 
0.10 5.0 org ee 4.4 3.8 3.5 2.6 2.0 1.6 
0.00 5.0 4.7 4.4 3.8 3.5 2.6 2.0 1.6 
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Complete and incomplete granitizations 


By 


Pontus LIUNGGREN 


Usually, granitization takes place through a neo-formation of potash 
feldspar and/or plagioclase in rocks more or less poor in these minerals. 
In most cases, thus this process can be described as feldspatization. 
A consequence of this is that granitization or feldspatization may not 
only give rise to granites but to all kinds of granitic rocks (granites, 
gneisses, diorites, syenites, and so on). The most common kind of 
granitization or feldspatization is probably a neo-formation of potash 
feldspar from pre-existing plagioclases. This reaction involves only small 
transports of elements, namely an addition of potassium and a removal 
of sodium, thus a potash metasomatism. The transformation of the 
plagioclase lattice into the lattice of potash feldspar starts from the 
borders of the plagioclase grains and from some places within the 
plagioclase grains which can be reached by the penetrating potash 
solutions. This process proceeds until all plagioclase is consumed or 
until the external conditions change. These external conditions include 
the supply of potassium, the presence of solutions, and the pt-con- 
ditions. An infavourite state of any one of these conditions will stop 
the feldspatization or will slow down the reactivity of the participating 
compounds. The results of such a breaking off of a feldspatization 
can very often be seen in microscopic slides of feldspatized rocks, 
especially in rocks which have undergone potash feldspatization. In 
the latter case small plagioclases of identical optical orientation can 
often be found as remnants in neo-formed potash feldspars. Also other 
features, such as myrmekitization, dust-free border zones, granophyric 
intergrowth, and so on, often occur together with such potash feld- 
spars (cf. P. Lyunggren, 1954), and these features indicate that the 
feldspatization process has been broken off and is incomplete. If this 
had not been the case, no evidence would have remained of any reac- 
tion having taken place. The features mentioned above, in the case 
of feldspatization, should be considered as some of the stages necessary 
for a progressive feldspatization; consequently, a feldspatization can 
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be assumed when certain of these growths are found together with 
macro-data indicating a possible granitization. 

In an investigation of the region of Halia (P. Ljunggren, 1954), 
it was possible to show that regional feldspatizations had taken place, 
changing sedimentary and other supra-crustal rocks into igneous- 
looking rocks of granitic composition. The feldspatizations included an 
albitization of pre-existing muscovitic minerals, later on followed by 
a microclinization of previously formed plagioclases. As to the micro- 
clinization, however, this transformation was not complete, and it is 
possible to find a large number of evidence of such transformations 
having taken place in most of the igneous-looking rocks of the region. 
The most wide-spread of these rocks is a variety of the Filipstad granite 
which has microcline porphyroblasts. This rock is connected with other 
rocks (i.a. the Barktorp gneiss) through successive changes in textural 
features. The greatest part of the surrounding rocks show clear evidence 
of having undergone intense potash feldspatizations; these transforma- 
tions can be proved to have taken place also in most areas of the 
Filipstad granite within the region of Halia. However, in some smaller 
areas of this granite no such features of feldspatization are to be seen. 
Thus the previous history of the granite of these areas would be un- 
known if no conclusion could be drawn from the successive transitions 
between this granite and surrounding rocks. In the actual case also 
the granite of these smaller areas can be shown to have arisen through 
feldspatization or feldspatizations of pre-existing rocks. 

These smaller areas represent places where the feldspatization, in 
this case the microclinization, has not been broken off but where it 
has been completed without any greater disturbances. Now, if these 
areas had been isolated from areas where feldspatizations could be 
proved to have taken place, nothing could be said about the origin 
of the granite, whether is was of magmatic origin or a product of 
feldspatization-granitization. - 

The knowledge of the transformations leading to feldspatization- 
granitization has been greatly widened during the last years (cf. for 
instance H. G. Backlund, 1953; G. E. Goodspeed, 1948, 1952, 1953; 
H. Ramberg, 1952, 1956), and it must be emphasized that such features 
as cutting contacts, dykes of granitic and pegmatitic composition, 
breccias, and so on, in many cases can be explained as having taken 
place in connection with a higher mobility of the components of the 
rocks in connection with feldspatizations. This higher mobility is no 
reason for the resulting granitic rock to be explained as being of mag- 
matic origin: the rock is still a result of feldspatization of pre-existing 

rocks. It is thus very important that statements as to the origin of granaitic 
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rocks are based on thorough microscopical and macroscopical examina- 
tions. 

From these points of view the granitic rocks may be divided into 
three different groups. The first group comprises granitic rocks which 
can be proved to have arisen through feldspatization-granitization, 
and which contain remnants from these transformations; the resulting 
granitic rocks are results of incomplete granitization. 

The second group comprises those granitic rocks which cannot 
directly be proved to be either magmatic or a result of feldspatization- 
granitization. The granitic rocks of this group which have arisen through 
feldspatization are a result of complete granitization, the remnants of 
the transitional stages of the transformations having completely dis- 
appeared. 

The third group, finally, comprises those granitic rocks which from 
their microscopical and macroscopical characteristics can be proved 
to be of magmatic origin. 

The second group is of great importance for the discussion of the 
origin of granitic rocks. It is evident that-a large number of granites 
belong to this group. 
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Harmotome penetration of a scapolite partly altered to argillic 
material in Ultevis, North Sweden 


By 


Ann Marie Bystrom! 


Abstract: Specimens from the unusual mineralization in the Ultevis district, North 
Sweden, have been investigated. In connection with pegmatites near a small manganese 
ore body at Tjatitsvare, different stages of decomposed scapolites have been found. 
Harmotome crystals penetrate the scapolite which has partly been altered to a poorly 
erystallized kaolin mineral and montmorillonite. 


Lites 0-d.10§ won 


During the investigation of the manganese mineralization of the 
Ultevis district in North Sweden (Odman, 1947), some specimens were 
taken at Tjatitsvare from a rock described as more or less kaolinized. 
The specimens had been collected from two prospecting pits west of 
the ore; specimens On 272/45 I and On 272/45 II, here referred to as 
specimens A and B respectively, are from the northern pit at coordinate 
4280 S/680 V, and specimen On 269/45, here referred to as specimen 0, 
is from the southern pit at coordinate 4300 8/685 V. The two pits 
can be found on the map, fig. 2, in the paper by Odman (1947, p. 41). 

In Odman’s diary the rock is described as pegmatitic with occasional 
hematite. The »kaolin» was found to be preferentially located in pockets 
in the pegmatite, which itself showed signs of weathering. 

The specimens were the size of a fist and were all white and dense, 
while the parts not freshly cut had a pinkish tint. Small fissures were 
frequent in the samples and when sample B was split along a plane 
indicated by such a fissure, a coating of brown manganese oxide could 
be seen. Sample A had relatively large crystals of hematite, quartz 
and titanite located at one end. Books of light mica crystals were also 
common. The chemical analysis of specimen A (Table II) shows a 
high BaO content of 5 %. Barium is not foreign to the investigated 
district, and barite and hollandite have been found in the pegmatites 
not far from the prospecting pits. The barite content of the leptites 
is also unusually high (Odman 1947, p. 28). The analysis, however, 


1 Geological Survey of Sweden, Stockholm 50. 
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shows very low content of SO, and CO,, and the MnO content of the 
sample is also low. Hence came the interest to know the mineral com- 
position of the sample very much like kaolin, but with a high BaO 
content. Only the combined investigation with X-rays, chemical 
analysis, differential thermal analysis and microscopical determina- 
tions led to the elucidation of the mineral composition. 


The mineral composition 


Specimen C was found to be an almost pure scapolite, with streaks 
of hematite and of a light mica. The chemical analysis, the X-ray 
diagram, and the DTA curve can be found in Tables I and III and in 
fig. 1, respectively. A calculation of the mineral composition from the 
chemical analysis shows an excess of about 10 % of silica and alumina 
together, after allowance has been made for the impurities present. 
This indicates that some weathering or other alteration has occurred 
in this specimen. For the scapolite the composition was found to be 
marialite 60— meionite 40. A fairly similar scapolite from the Aland 
Islands, Finland, has been described recently by Kaitaro (1955). 

Specimen B was subjected only to a partial chemical analysis. The 
BaO content was low, the Na,O content was 2.2 % and the K,O con- 
tent 0.72 %. The X-ray diagram showed mainly the reflexions of 
scapolite, but in addition there was a strong broad line at 15.0 A, 
(Table III). When treated with glycerol this line moved to 17.6 A. 
and the intensity increased. This is typical of montmorillonite, and 
on the DTA curve (fig. 1, No. 6) there can be seen an extra peak near 


Table I. 


Chemical analysis of specimen C (On 269/45), a scapolite mainly, 
with the proportion marialite 60—meionite 40. 


% % 
SiLOut ere. ceeees. «oak 52:98 SOs ah drgtiaed coterie 0.35 
MOOS rctomne, Face 0.10 Cla naareatcee ete oe 1.97 
ALOR Nar ceiancete ae ¢ 25.00 UNS eats erate Ee OR Oe 0.5 
LEN OF eteee Ocron ote ens 0.30 CO; A8Capy)trenieerey 28 
Hot OS etic ae Geren 0.05 COP (Carbine 0.18 
MEO Terrase sictersters 0.43 ETO S10? sven 1.18 
CaO wiachriets ccd 8.87 JE O eed 108. Pecans 0.29 
INCH ORS G See scat 6.72 
TED hk ha ee ek 0.78 100.40 
Ba Quetins. ieets cee akeate 0.12 less O for F and Cl.. 0.66 
PO. xh Miter eon nice 0.05 Gee wa eee 
Sum 99.74 


* No precaution was taken in the determination of SiO, on account of the F content. | 
* CO, (scap.) was determined by heating with V,O 


3 The Pennfield method was used. 
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Fig. 1. Differential thermal analysis curves. 


. Kaolinite, standard material RLO/138 diluted with Al,O, in prop. 1:1. 
Harmotome from Sulitelma, No. 04228 (Nat. Mus. Hist., Stockholm). 

. Specimen C (On 269/45), Scapolite. 

. Specimen A (On 272/45 I), mean sample from centre of boulder. 

. Specimen A (On 272/45 1), fraction < 2 p. 

. Specimen B (On 272/45 Il), mean sample from white part. 


SOUR G2 DO 


700° C. An oriented sample was made of the fraction <1 mw, and in 
the X-ray diagram the basal reflexions typical of a montmorillonite 
mineral showed up. Kaolin also is present in this specimen, as can be 
seen from the DTA curve.- 

Specimen A has a more complex composition. However, the know- 
ledge of the minerals present in sample B and C rendered valuable 
help in the diagnosis of the X-ray diagram of sample A (Table ITI). 
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Table II. 


Chemical analysis and mineral content of specimen A (On 272/45 I). 


remaining 
part 


harmo- 
tome 


atom. 
prop. 


ae ' 2 : 
% scapolite mica 


SO grreyenesere aiereecra's 46.88 0.7805 0.2282 0.0845 0.0483 0.4195 
ALO Aes. Fo. eee 29.50 0.5788 | 0.0652 | 0.0442 0.0423 | 0.4151 
ALT Oe tere ue ore tonete (otter 0.0 — — 
Be: Ose neiereletorereneratere 0.22 0.0028 0.0028 —- 
HOO caesar ate 0.02 — — 
MeO new calecrs anes 0.13 0.0032 0.0032 _- 
CaO Mise isee wees 0.51 0.0091 0.016 — 
Mini OWentetete oeieeee 0.0 — — 
IS OZ rios oisuaregerape eres 0.76 0.0161 0.0161 _— 
INGO sues eleisiecters c+ 0.83 0.0268 0.0268 — 
Ba Oke tere one ererees 5.00 0.0326 0.0326 — 
fei Ors als as ada 13.61 1.522 0.1956 0.0322 1.284 
HOV 10°. a. 2.46 
SOapaitereale wens etre 0.01 
1 eee eens 0.03 
Pi Oe nste no cif rhe 0.04 

100.00 | | 25 % | See | 6% | 58 % 


The analysis by F. Swenborg. 


The diagram contains mainly the reflexions from the barium zeolite, 
harmotome, but also some belonging to a scapolite. A few broad re- 
flexions from a kaolin mineral are present and a diffuse one at 15 A 
indicates the presence of montmorillonite. Treatment with glycerol 
causes this reflexion to move to about 17 A. 

The chemical analysis of sample A can be found in Table II, in 
which the atomic proportions are also given. From these an estimate 
of the minerals has been made. The proportion of barium gives 25 % 
harmotome of composition BaAl,8i,0,,°6 H,O. All the sodium and 
calcium have been referred to the scapolite, giving a proportion of about 
10 % for this mineral. The remaining part about 60 % has a Si: Al 
ratio of 1:1, which is consistent with a kaolin mineral. The water 
content, however, is high and if the remaining part is calculated as 
kaolinite a surplus of water is obtained. This could in part be explained 
by the montmorillonite, shown from the X-ray diagram to be present 
in a small amount. The content of montmorillonite claims a higher 
proportion of silica, viz. 2:1 for pure montmorillonite. However, the 
lack of this might be due to a compensation by a certain amount of 
allophane admixed in this mineral association and not shown in the 
present investigation. It is also possible that the kaolin mineral is a 
partly hydrated halloysite; the broad X-ray reflexions and the low 
endothermic peak on the DTA curve support this. The spacing, 
however, of the 7 A reflexion is low for the mineral to include any 
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Fig. 2. Specimen C (On 269/45). Predominantly fresh scapolite. Thin section, 
crossed Nicols. 


Fig. 3. Specimen B (On 272/45 Il). Fairly Fig. 4. Specimen A (On 272/45 I). The scapc 

fresh cores of a scapolite can be seen in lite is extensively changed. Harmotome crys 

the fine grained mass. Thin section, tals may be seen, and are here marked wit 
crossed Nicols. an arrow. Thin section, crossed Nicols. 
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Fig. 5. a) Specimen A (On 272/45 I). The altered scapolite may be seen at the bottom 
of the photograph. The harmotome crystals extend towards the fissure, as 
seen in upper portion. Thin section. 

b) same field seen under crossed Nicols. 


quantity of water in the structure and heating to 400° C does not give 
sharper reflexions. Therefore the kaolin mineral is more likely to be 
a poorly crystallized kaolinite. 

The DTA curves of specimen A show peaks typical of a kaolin mineral. 
The harmotome produces a very small effect, especially in the curve 
of the bulk material in contrast to its effect in the X-ray diagram, 
in which harmotome was most pronounced. In the fraction <2 yw 
(curve 5) this mineral is enriched and shows a larger effect than in 
curve 4, whereas the kaolin mineral shows a relatively smaller one. 
This is partly due to the fact that the kaolin was badly dispersed and 
remained in the most coarse fractions. In the fractions < 2 w, the X-ray 
diagram does not show positive indications of a kaolin mineral and 
without the DTA analysis it would have been most difficult to establish 
the presence of this mineral, this being one of the rare cases, where 
the DTA analysis is much more sensitive than the X-ray analysis. 
The lower endothermic peak can be explained as due to montmorillonite 
and to a small amount of argillic material of undefined composition. 
-As mentioned, the peak also indicates that the kaolin mineral could 
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be a partly hydrated halloysite, but from other reasons this does not 
seem to be the case. 

Clear harmotome crystals were picked from the fissures of specimen 
A, and their X-ray diagram shows good agreement with that taken 
from a harmotome specimen: from the Oslo region investigated by 
Brégger (1890). The X-ray data of the clear crystals are given in 
Table ILI. 

Thin sections were prepared from all the specimens. Spec. C (fig. 2) 
shows a well crystallized scapolite with groups of hematite here and there, 
mica and fluorite, and also smaller amounts of other secondary minerals. 
In the thin section of specimen B (fig. 3) the scapolite can be distin- 
guished in a matrix of a fine dense material. In specimen A (fig. 4 
and 5) the scapolite is extensively altered and a fine matrix dominates 
the slide. Larger crystals of the zeolite can be seen locally, and especially 
along the fissures, the harmotome crystals have developed and grown 
into well defined crystals. Fig. 5 shows this as well as the attacked 
scapolite. The harmotome is restricted not only to the fissures but 
seems to penetrate the whole specimen, and in the fraction <2 mu 
this mineral is enriched, as stated above, showing that particles of 
smaller sizes prevail. 


Conclusion 


In his paper, Odman discusses the origin of the Ultevis mineraliza- 
tion and finds »indications of the action of hydrothermal solutions 
throughout the whole district. The solutions in fact soaked the bedrock 
to quite a considerable extent» (Odman 1947, page 56). 

The specimens here investigated might represent different stages of 
a series of reactions typical in association with the above mentioned 
mineralization. For instance, we have the almost pure scapolite repre- 
sented by specimen © and most certainly formed under pneumatolytic 
conditions. Another stage is shown by specimen A, where the scapolite 
has been attacked by a hydrothermal solution containing barium, thus 
here forming the zeolite mineral, harmotome. The clay minerals mont- 
morillonite and kaolin may also have formed under the hydrothermal 
conditions then prevailing. Depending upon the attacking solutions, 
the reaction has led to the formation of either one mineral or the 
other (Grim 1953). For instance in specimen A, kaolin is dominating, 
while in specimen B the conditions have favoured the formation of 
montmorillonite. 


1 (Harmotome, Tonsenias, Oslo, Norge, The Swedish Museum of Natural History, Stock- 
holm, Spec. No. 530941). 
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Dating of recent fluvial sediments from the estuary of the 
Angerman river 


(The period 1850—1950 A. D.) 
By 


Lars GRANAR 


Several sediment cores have been taken from the bottom of the 
Nyland fjord, the estuary of the Angerman river in Northern Sweden. 
In 1943 some cores, 1 metre long, were collected by B. KULLENBERG 
and E. Fromm (1944). They comprised varves from the period 1926— 
42. Fromm and KuLLensBerG found an excellent covariation between 
the annual discharge maxima of the river and the thicknesses of the 
corresponding varves. The correlations with medium values of the 
entire spring flood or with the whole year were not so obvious. 

In 1945 C. CatpEentus, KULLENBERG and Fromm took several 10 
metre long cores from the same estuary using a piston core sampler 
(KULLENBERG 1947). The main parts of these cores were relatively 
undisturbed and interconnexions between cores taken at different 
distances from the delta bank were made by Fromm. However, the 
upper not consolidated parts of the cores had been seriously damaged 
and therefore a connexion to the earlier short cores and to the dis- 
charge maxima, measured at Forsmon since 1901, was not possible. 
The yet not published varve diagrams comprising about 1 000 years 
have kindly been left to the author’s disposal. 

In 1952 the geologists CALDENIUS and Fromm; the geophysists G. 
Istnc, J. EsperRsEN and the author; A. Jonasson from the Oceano- 
graphic Institute in Goteborg, in collaboration collected 5 cores for 
geochronological purpose using an ordinary piston core sampler, and 
4 cores for magnetic research using a non-magnetic sampler. Both 
samplers had a length of 10 metres. The latter cores were taken about 
3 kilometres from the delta bank, at present situated at Nyland, cores 
I and II in the eastern part of the fjord at a depth of 95 metres, cores 
III and IV in the middle of the fjord at a depth of 65 metres. 

Two cores have been magnetically investigated by D. H. Grirrrrus 
in Birmingham, England, and the remaining ones by the author in 
Stockholm. The sediment possesses a weak remanent magnetization 
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mainly caused by the action of the geomagnetic field present at the 
time of sedimentation. The age of the varves being known in historic 
time scale, these cores offered a possibility of tracing back the secular 
variation of the geomagnetic field at least 1000 years. The measure- 
ments showed, however, that the direction of the remanent magnetiza- 
tion, especially in the sandy parts, was affected by several disturbing 
factors, such as deformations caused by the sampler and water streams 
tending to orientate the diminutive magnetic particles in a certain 
direction during the sedimentation process. Therefore, no definite con- 
clusions can be drawn about the variation of the magnetic field from 
these measurements (GRANAR, manuscript 1955). 

Varve diagrams for cores II, IV and parts of core I have been con- 
structed by the author, and the result from the period 1850—1950 is 
presented in this paper. 

The upper parts of these cores are better preserved than the corres- 
ponding parts of the cores taken with the ordinary piston core sampler. 
This may be due to the fact that the first mentioned ones have been 
stored within the lining tubes. In the laboratory the tubes were sawed 
into two halves and the sediment cut with a thin wire. (Normally, the 
wet cores are transferred into special storing tubes.) Besides, the joints 
of the lining tubes were coated with elastic tape to prevent unwanted 
water from slipping in and causing modifications of the looser parts of 
the core. Cores I and II did not fill up the whole length of the sampler 
and therefore the upper parts were spoiled when the sampler was laid 
horizontally on the deck of the boat. Fortunately, there was a piece 
of bark in core I (varve 1933), preventing the underlying sediment 
from destruction. Cores III and IV filled even the top lining tube and 
the varves of core IV have been counted up to the year 1950. 

In the Angerman river the maximal discharge during the spring 
flood is normally about 10 times the discharge occurring in the later 
part of the summer. The annual minimum is frequently measured just 
before the outset of the spring flood, and the sudden increase of the 
stream velocity corresponds with a distinct boundary in the sediment 
between dark-coloured fine-grained material and light-coloured often 
sandy material. In fig. 1 the varve thickness has been plotted against 
the annual discharge maximum, measured at Solleftea, for the varves 
1920—42 of core IV. As seen a rather distinct relation exists between 
the mentioned quantities. Thus, the transporting and eroding power 
of the river increases rapidly with increasing velocity. The varve dia- 
grams from this period agree very well with that of Fromm, 1943 (see 
fig. 2). The varves of core IV were inclined and the given values of 
~ varve thickness have to be reduced by a factor of 2 or 3. 
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Fig. 1. The relation between varve thickness and corresponding annual discharge 
maximum, measured at Sollefteaé. Varve 1920—42 of Nyland core IV. 


Sometimes, the spring flood has been rather small, giving a maximum 
of the same order as that often occurring in September—October. In 
these cases the correlation between discharge maximum and varve 
thickness is weak and it can be difficult to distinguish the real bound- 
aries against the seasonal stratification. Several years of the period 
1900—20 were exceptionally dry and the sediment deposited during 
such a year is so fine-grained that the boundaries in some cases were 
impossible to detect. By means of the curve on fig. 1 the thicknesses 
of these varves were estimated and a theoretical varve profile was 
constructed. The more distinct varves in the mentioned interval fitted 
in fairly well with this profile. 

Measurements of the water level of the lake Runn, directly connec- 
ted with the Dal river, have been made regularly since 1852 at Nors- 
lund. The two rivers, Dal and Angerman, are situated about 400 kilo- 
metres apart and the correlation between respective annual discharge 
maxima is normally weak. However, in certain periods, especially 
1915—25, the correspondence is outstanding (see fig. 2, upper dia- 
grams). It is therefore interesting to compare the varve diagrams from 
Nyland with the discharge diagram from Norslund. A marked co- 
variation is found during the years 1852—62, thus supporting the 
correctness of the made diagrams. 

The remaining parts of the cores below 1850 were easily dated rela- 
tively to the long diagrams of Fromm, which according to the present 
connexion end in the middle of the nineteenth century. (Upper part of 
diagram H, 1945, is seen on fig. 2.) 
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Fig. 2. Connexion of varve diagrams made on cores, taken from the bottom of the 
Nyland fjord, with discharge diagrams for the rivers Angerman and Dal. 
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References 


Granar, L., 1955: Magnetic measurements on Swedish varved sediments, specimen in 
physics (fil. lic.), Stockholm University (manuscript). 

KuiienserG, B., Fromm, E., 1944: Nya forsék att upphimta langa sedimentprofiler 
fran havsbottnen, Geol. Féren. Férhandl., 66, p. 501. 

KULLENBERG, B., 1947: The piston core sampler, Sv. Hydrogr. Biol. Komm., Ser. 3, 
Beal, He 2: 


) 


i Me tt ti Ri 


GEOL. FOREN. FORHANDL. Bd 78. H. 4. 1956 659 


Pre-glaciale forvitringsfenomene i kopperforekomster i den 
syd-vestlige del ay Finnmarksvidda 


Ved 
ToRE GJELSVIK 


Abstract. Oxidation-cementation zones of bornite-chalcopyrite deposits, occurring 
in a great breccia in the SW part of Finnmarksvidda, Northern Norway, are described. 
The supergene minerals are: chalcocite, covellite, malachite, chrysocolla, chalcedone, 
limonite, and chlorite. The deposits are related to copper deposits in the Norrbotten 
district of Northern Sweden, in which similar oxidation zones also are found. Since such 
zones, owing to the eroding effect of the Pleistocene ice, and the slow rate of Post-glacial 
chemical weathering, are very rare in Scandinavia, the reasons for their preservation 
in these localities are shortly discussed. 


Under rekognoserende geologisk kartlegging og malmprospektering 
pa Finnmarksvidda sommeren 1955 oppdaget jeg en breksjesone av 
store dimensjoner i den sydvestlige del av Finnmarksvidda, ved Reissa- 
elvas ovre lop, like nord for den finsk-norske grense. Se nokkelkart, 
fig. 1. Bergartene 1 omradet er stort sett gronnstein, granitt, gneis, 
metamorfe skifre, og kvartsitt, de vanlige bergarter i den karelske 
fjellkjede. I breksjesonen opptrer imidlertid ogsa en rekke lose, porose 
bergarter, med brungule eller redlige forvitringsfarger. Disse star i 
skarp kontrast til de harde, krystalline bergarter, og har gitt anledning 
till dannelsen av et eiendommelig canyon-landskap. Det dreier seg dels 
om rene tektoniske breksjer, dels om sandsteiner og konglomerater 
eller pseudokonglomerater, kanskje ogsa om vulkansk materiale. 
Syenittiske og gabbroide intrusivbergarter finnes ogsa i breksjen. Kn 
neermere beskrivelse far utsta til mere detaljerte undersokelser er 
gjort. 

Breksjesonen er flere steder svakt mineralisert, i den nordlige del 
finnes uran-impregnasjon (sannsynligtvis ved uranbekerts), i den sydlige 
del koppermineralisering. Mer utbredt er karbonatisering og hematitt- 
dannelse. 

Koppermineraliseringen er ikke den vanlige som forekommer pa 
Finnmarksvidda, det er ganger eller klumper av bornit og kopperkis, 
med lite eller intet svovelkis, magnetkis er ikke observert i det hele tatt. 
Den minner saledes om koppermineraliseringen i Raipasformasjonen 
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\Aeperdada 


AB KARTOGRAFISKA INSTITUTET 


Fig. 1. I Finnmarksvidda localities. II Svappavaara, Norrbotten. III Nautanen, Norr- 
botten. IV Sjangeli. V Birtavarre, Troms. 


pa Finnmarkskysten, men ennu mere om koppergangene i Telemark. 
Mikroskopiske undersokelser avslorer at de hypogene kobbermineraler 
har vert utsatt for en sterk omvandling av samme art som rammer 
kobbermalmer over grunnvannsspeilet, forst og fremst i varmere strok. 
Det er alminnelig antatt at eventuelle oksydasjons-sementasjons- 
soner over skandinaviske malmer er blitt fjernet under de store, kvar- 
tere istider, og en nermere, om enn bare forelobig beskrivelse tor derfor 
ha interesse. 


iro gallcrtee: tL 


Flat bekkedal ca 1 km fra riksgrensen. Sma ganger av karbonat- 
kvarts-kalifeltspat med bornit og kopperkis i en amfibolitt. Mineral- 
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Foto N. E. Sundberg, Tekniska Hégskolan, Stockholm. 


Fig. 2. »Mutual boundaries» mellom kopperkis (hvit) og bornit (gra). Gjennomsettende 
arer av chalcocin og covellin, best utviklet i bornit. Ca 180 x. 
Mutual bounderies of chalcopyrite (white) and bornite (grey). Crosscutting veins of chal- 
cocite and covellite, preferably in bornite. About 180 x. 


strukturene — »mutual bounderies» (fig. 2) — indikerer at de to kopper- 
mineraler er dannet omtrent samtidig. Hvis det er noen aldersforskjell 
er kobberkis yngst, idet den enkelte steder opptrer i sma arer langs 
grensen mellom bornit og gang-mineraler, eller som sma, orienterte 
inneslutninger i bornit, hvilket enten ma bety exsolution eller replace- 
ment, fig. 3. Accessoriske mineraler: linnaeit 1 spredte, idiomorfe kry- 
staller, melonit i grsma inneslutninger i bornit, samt blyglansi kopperkis. 
Som fig. 2 viser, er i forste rekke bornit, men ogsa kopperkis, gjen- 
nomsatt av et nettverk av tynne arer bestaende av chalcocin og 
covellin, i de storste av dem finnes gjerne en sentral sone av limonit. 


Lokalitet 2 


Nede i en canyon-dal, ca 5 km N for ovennevnte lokalitet. Bergarten 
er en gul-brun sandstein, tildels breksjert. I breksjesonene finnes en 
svak impregnasjon ay svovelkis og noen sma klumper av kobberkis. 
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Foto N. E. Sundberg. 


Fig. 3. Kopperkis og bornit, forstnevnte ogsd som orienterte inneslutninger. Arer som 
i fips 2. Ca 180 x: 
Chalcopyrite and bornite, the former also forming oriented intergrowth. Veins as in fig. 2¢ 
About 180 x. 


Den sistnevnte er vidtgaende fortrengt av et nettverk av arer, besta- 
ende av: (innerst) malachit, dernest limonit, sa chalcosin som har ett 
seg langt inn i kopperkisen og mange steder helt replasert den. Se fig. 4. 
Enkelte steder er kopperkis fortrengt av kvarts (sannsynligvis i form 
av chalcedon) chrysocolla og klorit. Chalcosin-krystallene ar ikke 
homogene, de viser forskjellige fargetoninger mellom rosa og blatt, 
og varierende anisotropi. Ved stor forstorrelse (fig. 5) sees krystallene 
& best&a av minst to forskjellige slag, intimt sammenvokset. Enkelte 
steder ser det ogsa ut til 4 finnes en sekunder bornit i nesten like fin 
sammenvoksning med rhombisk chalcocin. 


Disse omvandlingsfenomener av bornit og kopperkis er bade i hoved- 
trekk og detaljer svert lik de forvitringsprosesser som fremkalles i 
koppermalmer ved surstoffrikt overflatevann i sydligere strok. Sam- 
menlign f. eks. figs 2 og 4 med figs 83a og 214 i Ramdohr (1950). 


Den mineralogiske karakter av omvandlingene i de to norske lokali- 
teter indikerer at den naveerende overflate er skaret ned til den opp- 
rinnelige sementasjonssone. Imidlertid tyder den porese karakter 
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Foto N. E, Sundberg. 


Fig. 4. Kopperkis (helt hvit) fortrengt av 4re-nettverk av limonit, malachit, klorit, og 
chalcocin (lys gra). Den sistneynte danner en uregelmessig sone nermest kopperkisen. 
Ca 85 x. 

Veins of limonite, malachite, chlorite and chalcocite (light grey) replacing chalcopyrite 
(clear white). Chalcocite forms a zone of varying width around the core of chalcopyrite. 
About 85 x. 


av flere av de omgivende bergarter pa at ihvertfall deler av den tid- 
ligere oksydasjonssone ogsa er bevart. Dog kan den porgse karakter 
ogsa tilskrives postglacial utlutning av karbonatmineraler. 

Ifelge Magnusson (1953) finnes liknende malmtyper ved Nautanen- 
Likavaara og Svappavaara 1 Norrbotten, og ved Sjangeli ved riks- 
grensen gst om Narvik. Ogsa der er bevart forvitringssoner med de 
samme mineraler som i de beskreyne lokaliteter pa Finnmarksvidda. 

Hva kan forklaringen vere til at denne pre-glaciale forvitringssone 
er bevart i dette svensk-finsk-norske grenseomrade. Det er fire mulig- 


heter: 
1. Malmtypen er serlig sensitiv for forvitring, denne kan derfor 


ha gatt dypere ned i disse forekomster enn 1 andre parageneser. 
2. Isdekket har vert svert tynt — eller manglet — over omradet. 


1 Savidt jeg forstar, er de forst studert av Geijer (1918, 1924), men jeg har ikke hans 
avhandlinger forhanden her. 
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Foto N. E. Sundberg. 


Fig. 5. Krystallografisk sammenvoksning av to arter chalcocin. Ca 390 x. 
Chrystallographic intergrowth of 2 varieties of chalcocite. About 390 x. 


3. Isen har ligger relativt rolig, og har derfor hatt liten eroderende 
kraft. 

4. Malmene, med forvitringssoner, er ved tektoniske bevegelser 
(blokksenkning) brakt pa dypere niva, og dermed reddet fra hel ero- 
dering. 

Jeg skal gi noen momenter til belysning av problemet pa norsk 
side. 

Ad 1. Chalcocin-covellin arene er vesentlig tykkere 1 bornit enn 1 
kopperkis (fig. 2). Det er saledes mulig, at bornit-parageneser er mere 
sensitiv for forvitringsprosessene. Pa den annen side er svovelkis av 
stor betydning for dannelse av den svovelsyre, som ansees for a spille 
en meget aktiv rolle i prosessene (Buehler and Gottschalk, 1910). De 
svovelkis- eller magnetkisrike, kaledonske kistyper, f. eks. de neer- 
liggende Birtavarremalmer, burde saledes vere like sensitive. 

Ad 2. I den ovre del av Reisavassdraget, ogsa 1 umiddelbar neerhet 
av forekomstene, finnes store avspylte flater (spylevannslop) som viser 
at det har vert stor vassforing under avsmeltningen. Forekomstene 
ligger relativt lavt, ca 300 m o h, tildels nede i dalsokk. Birtavarrefore- 
komstene ligger 1 600—1 000 m heyde, for det meste oppe pa hoypla- 
taet, bare 40—50 km nordvestenfor, og sely om nedboren har vert 


= lo mh COC elrt(‘é ai‘ S:mC<it«sC 
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storre der, har isdekket neppe vert tykkere. I Birtavarre finnes ikke 
spor av noen oksydasjons- eller sementasjonssone. 

Ad 3. Denne forklaring er mere sannsynlig, serlig for de forekomster 
som ligger ostligst 1 Norrbotten, ner isdelet. Men savel Sjangeli- som 
Finnmarksviddaforekomstene ligger ner det sterke fall mot fjordland- 
skapet 1 vest, og ner omrader med stor nedbor, hvilket sikkert har 
influert pa isens hastighet. 

Ad 4. Som nevnt ligger de to beskrevne forekomster 1 en breksje- 
sone, hvor blokkbevegelser nok har funnet sted. Ennu er ikke under- 
sokelsene kommet sa langt at det kan sies noe om de relative bevegelser, 
og den tektoniske forklaring ma forelobig sta apen. De fortsatte under- 
sokelser pa norsk side vil forhapenligtvis bidra til a klarlegge spors- 
malet. 


Jeg haper at svenske og finske kolleger, med sitt storre kjennskap til 
bade malmtyper og geologiske problem innenfor den karelske fjellkjede, 
vil kunne belyse spgrsmalet. 

Denne artikel er skrevet under et opphold i Tyrkiet, og jeg er Tryggve 
Eriksson takknemlig for henvisninger og kritikk. 
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Anmilanden och kritiker 


Om de geologiska férhallandena inom Uté-omradet 
Av 


Nits Sunprvus 


Nedanstaende inligg fr féranlett avy en nyligen utkommen uppsats av 
N. Pilava-Podgurski om Utd jirnmalmsfalt.1 Det avser dock ej att imnehalla 
ep kritik eller diskussion av de resultat till vilka nimnda férfattare kommit, 
som utgéra ett virdefullt tillskott till kinnedomen om omradet. Daremot 
anser jag tillfillet limpligt for nagra kompletterande ord angaende vissa 
forhallanden inom faltet, berérande dir befintlig urgranit och den regionala 
metamorfosen. De synpunkter, som jag vill framligga aro av den art, att 
de knappast kunna utvinnas utan en mer omfattande rekognoscering inom 
skirgirdsleptitzonen in den som enbart omfattar Utd jarnmalmsfalt. 

Holmquist utskiljde vid sin kartering en arealt ej obetydlig komplex av 
en grévre bergart, som han ansag besta av utfluten lava, som han kallade 
yporphyritic leptite» eller »metamorphosed lava», aven »quarts-porphyry and 
tuffs». Han gjorde aven den iakttagelsen, att bergarten innehaller brott- 
stycken av leptit. Mot NO delar komplexen upp sig i tvenne, noga raknat 
tre smalare zoner. Ytterligare en i leptiten mot NO inskjutande mindre 
tunga och ett par mindre isolerade linser i leptiten aro utskiljda. Huvud- 
zonerna i NO synas vara riktigt atergivna, diremot har jag sett for litet 
av den mera komplicerade avslutningen mot SV fér att kunna yttra mig 
om gransforhallandena darstades. 

Den som sett nagot mer av leptitbiltet och dess omgivning norr om Uté, 
sirskilt i omradet dster om Nimndé igenkanner emellertid i Ut6-bergarten 
en forskiffrad gnejsgranit, en av dessa lager- och bandintrusioner, som aro 
sa vanliga i leptiten och som inga i urgranitens angreppstaktik mot leptiten. 
Graniten har i form av konkordanta lager siint ut intrusioner i leptiten 
och pa dylikt satt losgjort skivor av densamma, som omslutits av graniten 
och ytterligare attackerats av den. Dylika leptitskivor, stérre och mindre, 
antraffas i urgraniterna anda ut i havsbandet och vice versa finner man 
urgranitzoner 1 leptiten isolerade eller delvis kommunicerande med moder- 
magman. Pa Orno ar hela leptitbaltet s6énderstyckat av urgraniten och i 
sin helhet kan leptitbiltet betecknas som en stor, av urgraniten omsluten, 
mer eller mindre veckad och delvis av graniten uppspjailkad skiva med ett 
i stort sett isoklint mot dster stupande lige av lagren, brantare i sdder an 
i norr. Granatgnejsens ursprungsbergart utgjordes av en femisk leptit av 
samma art som a Ut6 eller 6ster om Naimndé. Den av mig publicerade kartan 
éver Stockholmstrakten torde lamna tillfyllest fog for att sagda intrusions- 
tektonik haft regional utbredning aven inom granatgnejsens leptit (jmf 
8. G. U., Ser, C,N:0 488, tavl> I). 


2 8G, 0. Ser. 0, No B41. 
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Daremot torde spar av utflutna lavor inom de femiska leptiterna ej hittills 
med sikerhet ha pavisats. Porfyriska strukturer dro sallsynta, men spar 
darav finnas dock. Bergarternas omkristallisation har i regel varit stark noo 
for att utplana dem. ; é 

Om man infér denna korrektion for urgraniten 4 Utikartan skulle urgranit- 
gransen fa ett avsevart annat férlopp och stérre delen av leptiten dster och 
séder om kalk-jirnmalmsfiltet skulle vara lésgjort fran sitt ursprungliga 
sammanhang genom urgranitintrusioner. 

Holmquist betraktade den av honom som lava betecknade bergarten sisom 
harroérande fran urgraniten. Mellan hans och min uppfattning foreligger 
salunda blott en skillnad betraffande sattet och tiden for bergartens »mise 
en place», men geologiskt fr skillnaden dock av betydelse. 

Om Uté-leptiternas metamorfos. Uté-leptiterna kunna ej 
betecknas som svagt metamorfoserade. Inom den kalkférande zonen ir 
visserligen kornstorleken relativt ringa — ett av manga geologer funnet, 
ehuru annu ej férklarat forhallande, att kalkstenen har en modifierande 
inverkan pa korntillvaxten under metamorfosen, varvid_ kemiska férind- 
ringar samtidigt dock kunna vara betydande. I évrigt ro leptiterna startk 
metamorfoserade, och aven de sdsom hilleflintor betecknade varieteterna 
fran kalk-malm-zonen halla ej mattet vid jamforelse med vad som i bergslagen 
utskiljts som hialleflinta, ej heller vid jamférelse med Runmarés hilleflint- 
artade bergarter. 

Da man foljer skargardsleptiterna fran norr, finner man, att metamorfosen 
och kornstorleken 6kar mot sdder. Vid Uté vidtager ett nytt drag — At- 
minstone ar det foga synligt norr dérom — namligen en starkare skiffrighet 
under utveckling av ljus glimmer vid sidan av den vanliga biotiten. Kemiskt 
tager sig detta uttryck i en dkning av Al,0,-dverskottet i bergarterna. Lingre 
séder ut, pa Alé—NaAttaré, dverga leptiterna i en halvt slirgnejsartad glim- 
merskiffer. Da aven gnejsgraniten i leptiten ar likartat forindrad, maste 
det réra sig om en regional metamorfos, senare 4n urgranitintrusionen, i 
varje fall en fortsattning av de deformativa krafter, som orsakat urgranit- 
intrusionerna. Den enhetligt mot dster riktade stingligheten hela vagen fran 
Runmarétrakten séder ut tyder pa att det varit en och samma deformations- 
process utmed hela kustbandet. Det nya som tillkommer 4 Uté, och som 
tenderat till att alstra glimmerskifferartade bergarter, maste under sadana 
férhallanden bero pa speciella orsaker. Dessa aro icke att séka i bergarter- 
nas sammansittning, som torde ha varit likartad. Jag vill for min del 
framfora den tolkningen, att deformationen varit starkare med _ stress-in- 
verkan och rorelse i bergarternas massa. Under dylika forhallanden blir 
glimmer det mineral, som gynnas pa bekostnad av faltspat, och mdjlighet 
uppkommer for en viss utlakning av alkalier. Man kan beteckna det som 
en selektiv mineralnybildning och dirmed forknippad kemisk férandring. 
Fenomenet ar i sak likartat med utbildandet av sericit- och kloritrika mylo- 
niter vid 6verskjutningar, ehuru bergartsombildningen har ar mera lokal 
och har méjligheter till mera genomgripande forandringar. a 

Glimmerutbildningen ar oregelbundet utbildad pa Utd, starkare i vissa 
strak, svagare i andra. Jag har ej i detalj studerat saken men man kan 
referera till Holmquists beskrivning och analyser’ samt till det av mig sam- 
-manstallda triangeldiagrammet i fig. 1, som visar Al,O,-dverskottet i berg- 


1G. ¥. F..32: II, 1910, sid. 908. 
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Fig. 1. Diagram utvisande mittningen av Al,O;. Den vertikala centrallinjen anger laget 
av punkter utan éver- eller underskott av Al,O;. Punkter till vainster och héger dirom 
angiva under- resp. dverskott av Al,O;. Diagrammet avser molekularprocent. 


arterna.1 Av fem leptitanalyser (7, 8, 10, 14, 15) ha tre (8, 10, 14) mattliga 
Al,O,-dverskott, ungefir samma som i leptiterna norr om Uté6, medan 7 
och 15 ha héga. Foérglimringen har ven triffat gnejsgraniten i leptiten. 
Av tvenne analyser, 9 och 11, har en, nr 11, ett ungefar normalt Al,O5- 
éverskott, medan detta i 9 ar lika stort som i de anférda tva leptiterna 
(7 och 15), Av siarskilt intresse i detta sammanhang ar den s. k. blandade 
gangen a ostkusten av 6n N om St. Sillvik, vilken jag for min del vill upp- 
fatta som en liten urgranitintrusion med granitporfyrisk karaktiir. Dess 
huvudmassa utgéres av granitporfyr, som delvis ir starkt forskiffrad (nr 12), 
delvis bittre bibehallen (nr 13). I den férra ar Al,0;-6verskottet mycket 
hogt, i den senare ar det ej stérre an vanligt i urgraniterna. Samtliga dessa 
forhallanden ha tidigare i korthet diskuterats i mitt arbete om »Femisk 
leptit och slirgnejs». Sasom dir framhallet, sker en kvartsanrikning sam- 
tidigt med forglimringen, 


18. G. U., Ser. C, N:o 488, sid. 16—17. 
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Den uppfattning om Uté-leptiternas forglimring och de dirvid skedda 
kemiska forandringarna, som jag har framfort, ar ett resultat av rekogno- 
sceringarna lings leptitbaltet. Det ar emellertid av stort intresse, att Holm- 
quist betraffande Uté-leptiterna kommit till den uppfattningen, att bety- 
dande kemiska férdndringar i bergarterna kunna ske i samband med far- 
skiffringen. Utgingspunkten synes ha varit den blandade gangen vid Sillvik 
och denna limnar det mest ovedersigliga beviset dirfér, Ett flertal analyser 
fran olika delar av den stora intrusiva gnejsgraniten skulle i férevarande 
sammanhang vara ay stort intresse, men redan de forefintliga tva analyserna 
tyda pa samma sak som de fran Sillviksgangen. 

Av Holmquist férdes senare den i Uté-arbetet figa berérda fragan om 
den kemiska férandringen vid forskiffring och mylonitisering dver pa ett 
storre problem, granatgnejsens uppkomst. Sasom ursprungsmaterial for 
granatgnejsen tinkte han sig en granit med brottstycken av leptit, de senare 
dokumenterade i de talrika leptitresterna i gnejsen. Al,O,-dverskottet i den 
senare tinkte sig Holmquist alstrat genom en forskiffrings- eller myloniti- 
seringsprocess ay likartat slag som 4 Uté samt férelépande slirgnej sbildningen. 

Om jag i detta sammanhang skulle vilja géra en reservation betriffande 
Pilava-Podgurski’s arbete, skulle det gilla anvindandet av termen »fyllity 
for leptiterna i jarnmalms-kalkstensstraket. Fyllit ar en svagt metamorfose- 
rad lera eller lerskiffer och ett motsvarande Al,0,-dverskott torde icke finnas 
i Uto-leptiterna. Den anférda mineralsammansittningen, kvarts, filtspat 
och biotit inrymmer ej heller nagot sidant utan svarar nirmast mot en i 
vissa fall kvartsrik, femisk leptit. 


Emi. Kravume: Die Erzlager des Rammelsberges bei Goslar. 
Monographien der Deutschen Blei-Zink-Erzlagerstitten 4. 
Beihefte zum Geologischen Jahrbuch, Heft 18. Hannover 
1955. 


Det ar 1955 utkomna arbetet d6ver Rammelsberg ingar i den serie pa 17 
monografier éver tyska bly- och zinkmalmsfyndigheter, som planerats av 
Lagerstattenausschuss der Gesellschaft Deutscher Metallhiitten- und Berg- 
leute 1 samarbete med de visttyska Geologische Landesanstalten. 

I denna skrift, som omfattar 394 sidor, 117 illustrationer och 21 tabeller 
framlagga H. Kravme och hans medarbetare sina undersdkningsresultat 
och diskutera dessa med bakgrund mot atskilliga tidigare publikationer om 
Rammelsberg. Litteraturforteckningen, som omfattar 237 skrifter om denna 
fyndighet, skrivna av 158 olika forfattare, ger en forestallning om diskussio- 
nens grundlighet. Det aldsta dar upptagna arbetet ar en redogoérelse av 
Urrman tryckt 1565, alltsa i det narmaste for 400 ar sedan. De flesta kapitlen 
fro skrivna av E. Kravumg. I avsnittet om stratigrafi och tektonik har Fr. 
DaxucRtn varit medférfattare och i avsnittet om sidostenens malmimpreg- 
nation A. Wiixe. P. Rampours omfattande arbete »Mineralbestand, Struk- 
turen und Genesis der Rammelsberg-Lagerstatte» (i Geol. Jahrbuch 67, 1953, 
sid. 367—494) har avkortats till ett bidrag om malmparagenesernas mine- 
ralogi och deras strukturer. 

Den i nirheten av Goslar befintliga fyndigheten ligger konkordant i Wis- 

‘senbacher-skiffern och i nara grannskap till Harzomradets kristallina berg- 
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grund. Rammelsberg-fyndigheten innehaller olika malmtyper, som anrikats 
i tva storre malmlager (Altes och Neues Lager) och atskilliga mindre linser. 
De bada lagerfyndigheterna ha i allminhet en maktighet av 15 resp. 10 m. 
Stallvis ha de dock utsatts for tektoniska sammanskjutningar och kunna 
i dessa fall bli upp till 50 m maktiga. Dessa lagerbildningar som beroende pa 
sammansittningen indelas i svavel-, koppar-, bly-, brun-(Zn§), eller gramalm 
(BaSO,) omfatta randiga och delvis starkt veckade (»gefaltelte») finkorniga 
malmer. 

En speciell malmtyp — det s. k. Melierterz — bestar av olika skikt med 
vixelvis dominerande zink-, koppar- och blymalmshalt. Denna karakteristiskt 
bandade malm intar kvantitativt en underordnad stillning och forekommer 
framst inom Neues Lager. 

Rammelsbergs kompakta malmer halla 9% Pb, 19% Zn, 1% Cu, 9 % Fe, 
1.3 % Mn, 4% CaO, 21 % 8, 22—25 % BaSO, samt darjamte — i de bandade 
malmtyperna — skiffermaterial. Halten av mera sparsamt foretridda ele- 
ment ar: 800 g/t Sb, 500 g/t As, 500 g/t Cd, 150 g/t Ag, 150 g/t CO, 70 g/t Bi, 
50 g/t Sn, 40 g/t Hg, 20 g/t Ni, 20 g/t In, 10 g/t Te och 1 g/t Au. Dessa siffror 
variera inom vissa griinser beroende pa huvudmalmens geokemiska relationer. 
Pyrit, kopparkis, zinkblande, blyglans och baryt utgéra fyndighetens huvud- 
mineral, varjamte magnetkis, magnetit, arsenikkis, antimonfahlerz, bour- 
nonit, jamesonit, boulangerit, vismutglans, valleriit, cubanit, linneit, gud- 
mundit, gedigen vismut och gediget guld férekomma accessoriskt. I malm- 
lagrens yngre sprickor upptrida lateralsekretionell kalkspat, tungspat, 
zinkblinde, blyglans, pyrit, fahlerz och kopparkis. 

Under de 200 ar som fyndighetens genetiska stallning varit foremal for 
tydningsférsék ha 56 forfattare forfiktat manga skilda magmatiska, sedi- 
mentira och metasomatiska férklaringar. Dessa olika asikter diskuteras 
mycket ingaende (22 sid.) av E. Kraums, som sedan pa 34 sidor framfo6r sina 
egna slutledningar. Har vander han sig med vigande argument mot 1 synner- 
het de epigenetiska hypoteserna och kommer liksom fére honom bl. a. BER- 
GEAT, ERDMANSDORFFER, FREBOLD och Rampour till slutsatsen, att Ram- 
melsberg-fyndigheten uppkommit syngenetiskt i submarin-hydrotermal milj6 
och sedan utsatts for kinetometamorf omvandling under variskiska oroge- 
nesen. Malmlinserna skulle saledes ha uppkommit syngenetiskt med skiff- 
rarna i Devonhavets fordjupningar. Malmtillforseln skulle ha skett genom 
sprickor fran en i djupet befintlig — okind — magmahard. Som bevis for 
vulkanisk verksamhet under ifragavarande skede anfér forfattaren de i 
Wissenbacher-skiffern inlagrade tuffhorisonterna. 

Det ovan sagda far betraktas som en mycket summarisk éversikt. Pa grund 
av utrymmesskal kan man hii ej ens tillnirmelsevis géra innehallet rattvisa. 
Utom de avsnitt, som befatta sig med fyndighetens och dess omgivnings 
petrografi, stratigrafi och tektonik, innehaller arbetet kapitel om malmernas 
geokemiska utforskning (21 sid.) samt om produktionsférhallandena — med 
data om gruvan och malmbrytningen, malmreserverna och rekognoscerings- 
arbeten. Tyvarr saknas en modern tektonisk analys av fyndigheten (sa 
t. ex. anvandes har annu den tvadimensionella klyftrosen i stillet for det 
numera allmiint vedertagna tredimensionella natet). Det kinetometamorft 
deformerade Rammelsberg (med t. ex. Meggen i Westfalen som mindre 
kraftigt metamorfoserad motsvarighet) skulle sikerligen erbjuda ett givande 
arbetsfalt for en gefiigemetodisk undersédkning. Detta giller Aven malm- 
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mineralens »Korngefiige», dir RAMpDoHRS bidrag realiter innebar en opposition 
mot H. ScHNEIDERHOHNS sa sent som 1941 (Lehrbuch der Erzlagerstatten- 
kunde, sid. 265—266) manifesterade negativa instéllning till anvandningen 
av gefiigemetoder i malmgeologiskt arbete. Av arbetets vackra polerprovs- 
fotografier iro de pa textsidorna tryckta ibland tyvarr nagot otydliga. For 
att vidare namna en detalj saknas enligt referentens uppfattning entydiga 
bevis for att de bdjda strukturerna i alla faser kunna hinforas till post- 
diagenetiska rérelser (jfr t. ex. Pl. 17). 

Slutligen kan naémnas, att nagra fér Rammelsberg typiska drag (av saval 
kemisk, strukturell som tektonisk art, liksom aven da det galler ytvulka- 
nismen i fyndighetens geologiska miljé) i modifierad hég- och polymetamor 
drakt kunna sparas i den svenska leptitformationens sulfidmalmsforekomster 
av t. ex. Falutyp. 

Hans J. Koark 


Geological history of the Netherlands. Ex- 
planation to the general geological map of the Netherlands 
on the scale of 1 : 200 000 by H. D. M. Burck, L. A. Ae. van 
Eerde, H. M. Harsveldt, 8. van der Heide, J. D. De Jong, A. J. 
Pannekoek, J. H. van Voorthuysen, M. W. Ter Wee, W. H. 
Zagwijn and J. I. 8. Zonneveld edited by A. J. Pannekoek. — 
147 sid., 67 fig. i texten, 16 plansher med 24 fotografier. 
’S-Gravenhage 1956. Pris Fl. 14.80. 


En utmarkt handbok dver Nederlindernas geologi. Landets yta intages 
som bekant till allra stérsta delen av kvartiira bildningar. Inom ett omrade 
pa vastkusten traffas kvartirens underlag forst pa ett djup dverstigande 
600 m. 

Aldre formationer, tertiir, mesozoikum och paleozoikum, triida i dagen 
endast inom helt sma omraden inom landets éstra och sydligaste delar men 
aro for 6vrigt kanda genom borrningar. Kambro-silur torde ansta langst i 
SV (Zeeland) under tertiar och krita pa ett djup av nagot mindre an 500 m, 
men stupar brant mot NO. Om devon vet man foga. Méjligen kan ett tunt 
devonlager finnas pa nederlindskt territorium under karbon i sédra Lim- 
burg. Karbon gar i dagen pa nagra fa stiillen i Limburg och ar kant genom 
oljeborrningar i andra delar av landet. Perm, innehallande bl. a. stensalt, vars 
utvinnande planeras, har traffats genom borrningar. 

De mesozoiska bildningarna, som ofta aga mycket stor miktighet fore- 
finnas pa djupet inom nastan hela landet. Trias har samma utbildning som 
i Tyskland och innehaller forekomster av kalksten och stensalt, vilka aro 
foremal for brytning. De olika avdelningarna ay jura och krita belysas rik- 
ligt med utbredningskartor och profiler, grundade pa borrhal. 

Tertidren vilar diskordant pa mesozoikum och torde na en miktighet av 
mer fn 1 000 m. Nederlanderna tillhér i stort ett sinkningsomrade, och inom 
stérre delen av landet fortgick sedimentationen inda till tertiirtidens slut, 
varfor kvartaren dar underlagras av pliocen. Betriffande alla de nu nimnda 
formationerna fran och med karbon lamnas utforliga redogérelser for strati- 
-grafi, fossilfynd, forekomsten av nyttiga mineral och bergarter samt biblio- 


grafi. 
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Kvartiren har naturligtvis erhallit det relativt stérsta utrymmet i boken. 
Den under tertiirtiden radande sinkningen fortgick med vissa avbrott un- 
der hela kvartartiden och pagar alltjimt. Pleistocenen i Nederlanderna inne- 
fattar en serie av vaixlande kallare och varmare perioder. Ett forsok till 
parallellisering av dessa med Nordeuropa (enl. Woldstedt) och med Alpernas 
istider och interglacialtider ter sig pa féljande satt. 


Nederlanderna Nordeuropa Alperna 

Tubantian Weichsel Wiirm 

EKemian EKem Riss-Wiirm intergl. 

Drenthian Saale Riss 

Needian Holstein - Mindel-Riss intergl. 
J Elster Mindel 

Taxandrian Cromer Giinz-Mindel intergl. 
| Weybourne Giinz 

Tiglian Tegelen Donau-Giinz intergl. 

Praetiglian Butley Donau 


Under interglacialtiderna avsattes i Nederlinderna saval fluviatila som 
marina sediment. Havsytan beriknas da ha statt hogre an nu pa grund av 
eustatisk stigning. Under glacialtiderna, da vattnet i stor utstrackning var 
bundet i landisarna, kommo Aven terrestriska bildningar till avsattning. 
Det dr endast under Drenthian, som den skandinaviska isen nadde och del- 
vis tackte Nederlinderna samt efterlamnade indmoriner (ice-pushed ridges) 
i landets mellersta och norra delar. Tubantian, da den nordiska landisens rand 
nadde Danmark och norra Tyskland, karakteriseras av kryoturbatiska feno- 
men, jordflytning och eoliska avlagringar. Senglacialen med dess underay- 
delningar: aldre Dryastid med Bolling-interstadial, Allerodtid och yngre 
Dryastid raknas jamval till Tubantian. 

Vid bérjan av Holocen (= postglacial) intradde snabb klimatférbattring, 
invandring av virmekravande flora och eustatisk stigning av havsytan. 
Denna beraknas da ha legat 20 m lagre an nu. Under boreal tid radde stark ~ 
torvbildning i vastra delen av landet. Torven 6verlagrades under atlantisk 
tid av brack- och saltvattenssediment. Da havsytans eustatiska stigning av- 
stannat, bildades en forsta sandbarriér utanfor kusten. Innanfér denna, 
stillvis avbrutna lagunvall, avlagrades under den fortsatta isostatiska land- 
sinkningen marin lera, fluviatila sediment, som avsattes av de stora floderna, 
och, huvudsakligen under subboreal tid, torv. Under subatlantisk tid gjorde 
sig marin transgression 1 skilda etapper allt mera gillande. Den foérsta bér- 
jade omkr. 300 f. Kr., den andra omkr. 270 e. Kr. och den sista omkr. 1000 
e. Kr. Den kvartira utvecklingen belyses av talrika kartor, profiler och pollen- 
diagram. 

Boken avslutas med ett kapitel om de tektoniska rérelserna under de 
olika orogeneserna, saltdomer och korta notiser om eruptiva bergarter, som 
natts genom borrningar. 


R. Sandegren 
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H. Gopwin: The history of the British flora. A factual basis for 
phytogeography. Cambridge University Press 1956. VIII + 
384 sid., 119 textfig., 26 planscher, 1 tabell. Pris 90: — 
shillings. 

Denna utomordentligt intressanta och virdefulla bok ger for de Brittiska 
Oarna en modarn och synnerligen detaljerad framstallning, som utgér en 
motsvarighet till den, som Gunnar Andersson pa sin tid gav fér vart land 
genom »Svenska vaxtviirldens historia». Som motto tatter férf. ett citat av 
E. V. Wulff, 1943: »Biogeographical conclusions only find definitive con- 
firmation when it is possible to base them on a geological foundation, which 
historical geology can alone provide.» 

Uppslaget till detta arbete kom, da férf. jimte sin maka bérjade tillimpa 
den pollenanalytiska metoden i Storbritannien. De tva férsta kapitlen be- 
handla arbetsmetoder och insamlandet av material. Undersdkningsmate- 
rialet utgéres saval av fossila frén, frukter, blad, ved och triikol som pollen 
och sporer. Dateringen grundas pa den pollenanalytiska zonindelningen med 
anknytning till fornfynd och C'-metoden. 

I kapitlen HT och IV ges en versikt av de Brittiska darnas kvartirgeologi: 
glaciala och interglaciala perioder samt den senglaciala och postglaciala ut- 
vecklingen med dess klimatfériindringar enl. den Blytt-Sernanderska period- 
indelningen. Har beskrivas utférligt ett antal betydelsefulla lagerféljder med 
profiler och pollendiagram. Till detta kapitel héra kartor dver sista nedis- 
ningens utbredning och fyndorter fér glaciala och senglaciala vixtlimningar 
samt Over submarina torvlager. 

Kapitlet V, »The plant record», omfattande 224 sidor, redogér for de i 
Storbritannien och Irland antraffade och bestimda fossila kirlvixterna, i 
allt mer an 700 arter (»Svenska vaxtvarldens historia» redovisar 141 sddana). 
For var och en ay dessa arter anges fyndorter, fyndlagrens alder samt vilka 
delar avy vaxten fynden omfatta. Fér ett stort antal arter visas genom litt 
éverskadliga nycklar antalet fynd inom de olika perioderna, nimligen inter- 
glaciala perioder, sista nedisningens glacial samt, betriffande sen- och post- 
glacialen, vederborande pollenanalytiska zon enl. K. Jessen. Kartor visande 
nuvarande utbredning samt fossilfynd fran olika huvudperioder limnas fér 
foljande arter: Betula nana, Dryas octopetala, Empetrum nigrum, Fagus, Najas 
flexilis, N. marina, Polemonium caeruleum, Potamogeton filiformis, P, filifor- 
mis * P. pectinatus, Salix herbacea, S. phylicifolia, Scheuchzeria palustris, 
Sparganum angustifolium, Subularia aquatica och Thalictrum alpinum. En 
miangd avbildningar, teckningar och fotografier, av savil makrofossil som 
pollen och sporer inga i boken. 

I kapitel VI ger férf. en sammanhangande framstallning av den Brittiska 
florang forandringar allt fran tertiartiden genom de oilka interglacialtiderna, 
den sista nedisningen, senglacialen och postglacialen med dess varmetid och 
klimatforsimring. Detta kapitel ar av sirskilt intresse for nordiska geo- 
loger genom de manga anknytningar och jamforelser forf. ater och ater gor 
med de resultat, vartill nordiska forskare kommit. Man far har folja florans 
invandring efter sista istiden och dess senare utveckling. Invandringen, jam- 
val av varmekravande arter, agde rum huvudsakligen redan under sen- 
glacial och allra aldsta delen av boreal tid, nar de Brittiska darna annu stodo 
i férbindelse med Europas fastland. Nivaforandringarna och dessas isosta- 
tiska och eustatiska komponenter diskuteras ingaende. Klimatutvecklingen 


674 ANMALANDEN OCH KRITIKER [Nov.—Dec. 1956 


visar manga slaende paralleller med den, som agt rum i Norden och Nord- 
vasteuropa 1 dess helhet, men aven olikheter, orsakade av oceaniskt klimat 
och tidigt avbruten forbindelse med fastlandet. Sarskilt beaktansvart ar pa- 
visandet av minniskans stindigt dkande inverkan, pa den engelska viaxt- 
varldens utveckling allt ifran yngre stenaldern och bronsaldern. Vidare har 
den omfattande torvmossbildningen under subatlantisk tid berévat fast- 
marksarterna vaxtplatser, framst i Irland och Skottland. Betraffande Irland 
bygger forf. huvudsakligen pa K. Jessens, Farringtons och Mitchells arbe- 
ten, men agnar en intressant, sirskild diskussion at olikheterna i utveck- 
lingen pa Irland och i Storbritannien. 

Enfyllig htteraturforteckning, register och en bestamningstabell for fossil 
ved avsluta boken. 

Godwin har haft utmirkta foregangare i sitt eget land, framst kanske 
C. Reid, och har sjailv bakom sig en lang rad vardefulla skrifter, men man 
maste hysa stor beundran och tacksamhet infér det arbete han presterat i 
och med denna bok. Nir man genomlast densamma, kainner man en stark 
onskan, att det skulle framtrada en forskare, som ville ge ett likartat, mo- 
darnt standardverk dver Sveriges och de dvriga nordiska landernas kvar- 
tarhistoria. 

R. Sandegren. 
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Motet den 1 november 1956 


Narvarande 55 personer. 


Ordféranden hr Collini, éppnade métet med féljande ord: 

Den 19 oktober avled bergsingenjér Folke Kihlstedt i Maryland, 
U.S. A. Han var fédd 1901 i Orebro, blev student dar 1919 och ut- 
examinerades som bergsingenjér fran Tekniska hégskolan 1924 samt 
anstalldes aret darpa vid AB Elektrisk Malmletning och utfédrde for 
dess rikning en rad uppdrag. Aren 1935—45 var han gruvchef i ett 
amerikanskt foretag pa Filipinerna. Vid krigsslutet etablerade han sig 
som konsulterande ingenjér i New York. Han fick darvid i uppdrag 
att handha United States Steel Corporations malmletningar i Vene- 
zuela, dir han upptackte den rika jarnmalmsfyndigheten Cerro Boli- 
var, grundvalen till en ny jarnindustri pa Amerikas éstkust, Orinoco 
Mining Co. Som chef fdr féretagets undersdkningar och den tekniska 
utbyggnaden av gruvan forflyttades Kihlstedt till New York. Han an- 
ereps for nagot ar sedan av en leversjukdom, som han adragit sig un- 
der vistelsen i tropikerna, och som andade hans liv. Var forening till- 
horde han sedan ar 1923. 


Den 24 oktober avled lektor Kurt Molin i Orebro. Han var fédd 
1891 i Vastra Sallerup i Malmoéhus lan, avlade studentexamen 1 Gote- 
borg 1910 och blev vid Uppsala universitet fil. mag. 1914, fil. lic. 1917 
och fil. dr 1927. Aren 1918—19 var han tf. professor i fysik vid Norges 
tekniska hégskola i Trondheim samt 1919—20 docent 1 detta amne dar. 
Darefter var Molin lektor i fysik och mekanik vid Tekniska gymnasiet 1 
Orebro och aren 1928—45 férestandare for Orebro rundradiostation. 
Aren 1928—42 var han ledare fér Sveriges geologiska undersdknings 
magnetiska uppmatning av Sveriges fastland; resultaten har han redo- 
visat i det stora av Vetenskapsakademien 1943 prisbelénta verket »A 
general earth magnetic investigation of Sweden, 1928—1934. 8. G. U. 
Ser. Ca, N:o 25, 29, 33 och 34. Darjamte har han bearbetat de av den 
svenska sydpolsexpeditionen 1901—03 gjorda matningarna 6ver jord- 
magnetismen. Var forening tillhorde han sedan ar 1934. 

Jag lyser frid éver de bortgangnas minne. 

Styrelsen har till ledaméter i féreningen invalt fil. stud. Bjorn Berg- 
lund, Lund, féreslagen av hr Tage Nilsson, amanuens Einar Jacobson, 
Lund, foreslagen av hr Hjelmqvist, samt mag. scient. Poul Graff- 

Petersen, Képenhamn, foreslagen av hrr Collini och Ahman. 
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Hr N. H. Magnusson lamnade ett meddelande: Fran Geolog- 
kongressens forhandlingar i Mexico City. Med an- 
ledning harav yttrade sig hrr Asklund, Gavelin, F. E. Wickman och 
foredragshallaren. 


Hr P. H. Lundegardh holl ett med farg- och skioptikonbilder rikt 
illustrerat foredrag om: Berggrunden i Gavleborgs lan. 

Sveriges geologiska undersdkning har med foredr. som arbetsledare 
igangsatt en dversiktskartering for, 1 forsta hand, jubileumskartan 1958 
éver Sveriges berggrund. Sedermera skall en mera detaljerad karta 1 
skala 1: 200000 eller 1: 300000 sammanstallas, atfoljd av beskriv- 
ning (S. G. U., Ser. Ca). Detaljkartering i skalan 1: 100 000 har redan 
utforts fran kartbladet Gévle i sdder till Medelpadsgransen 1 norr. 

En del av det i féredraget behandlade arbetsomradet har beskrivits 
i en uppsats i G. F. F. (band 78, hafte 2). Lasaren far redan i denna 
uppsats en bild av byggnadstenarna i linets mellersta och norra delar 
—leptit-halleflintseriens bergarter; sedimentbergarter, porfyriter och del- 
vis spilitiska ytgrénstenar (’Bottnium’); djupgrénstenar; primorogena 
graniter, mestadels grovt mikroklinporfyriska (Ljusnegraniter); ader- 
gnejser, oftast granatforande; serorogen, eller palingen, granit med peg- 
matit. I norra Halsingland fogar sig Asbydiabas, Dellenandesit och, 
sannolikt, nagot jotnisk sandsten (Hogland, Dellen) till det salunda 
skisserade bergartsspektret. 

Med anledning av féredraget yttrade sig hrr von Eckermann, Ask- 
lund, Gavelin, N. H. Magnusson och foredragshallaren. 


Hr Asklund ville i likhet med den féregdende talaren garna lyckénska 
foredr. till hans resultat, i synnerhet med hansyn till den korta tid, som statt 
till hans forfogande vid 6versiktskarteringen. Den féretedda preliminara 
lanskartan har sa langt tal. kunnat iakttaga icke nagon sarskild beteckning 
for kustomradets granatgnejser. I dessa spela granitiska bergarter, hur man 
in vill tolka dem, en framtridande roll anda fran omradet N intill Gavle 
och upp till Medelpadsgriinsen for att 6ver Angermanland fortsatta in i Vas- 
terbotten. Detta ar Norrlands »kustgnejs», som ju star i stor motsats till den 
mera komplicerade leptit-urgranitterrangen 1 sddra Gastrikland. Pa den 
kommande berggrundskartan 6ver Sverige far naturligen icke ett sa bety- 
delsefullt regionalgeologiskt drag saknas, varfér tal. menade att foredr. maste 
ha en beteckning darfor. 

Synpunkten att Kramsta titan-vanadin-jarnmalmsférekomst pa grund av 
bristande geokemisk krom-nickelhalt skulle disponera en tolkning som rege- 
nererade sedimentiira malmer och grénsten kunde tal. icke ansluta sig till. 
Det ar val snarast sa att grénstensbergartens sammansittning motsvarar en 
pyroxengabbro, évervagande olivinfattig eller olivinfri, snarast en gabbro av 
noritisk typ. Sasom foredr. vid sina geokemiska utredningar visat, bruka 
dessa ej halla nagon framtradande krom-nickelhalt. Troligen vore ocksa fér- 
hallandet analogt med de talrika noritiska gabbror, som forekomma laingre 
sdderut, t.ex. pa kartbladet Moéklinta. De olivinrika gabbrorna daremot, 
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t. ex. den av tal. fran Barsjén i »Méklinta» beskrivna peridotitiska gabbron, 
ha en markerad geokemisk kromhalt. Tal. ansag det sannolikt, att kromhal- 
tiga olivinstensderivat borde kunna uppsparas i de grénstensmassiv, som ha 
samband med titanjérnmalmsférekomsterna i Hilsingland och dirmed styr- 
ka bergarternas primara karaktiir. Aven nar det giller de stora 6gongnejs- 
granitomradena 1 mellersta Hilsingland hoppades tal. i anledning av foredr:s 
tveksamhet, att atminstone en viisentlig del skola fa bli kvar som »primiir-. 
graniter. 


Foéredr. papekade, att sirskild beteckning for granatforande gnejsgranit — 
brun bottenfarg med violetta prickar — forekommer pa den redan fiardig- 
stallda delen av berggrundskartan dver Giivleborgs lan, men att prickarna 
tyvarr icke framtrader pa den under féredraget visade fargljusbilden av den 
forminskade kartan. Den rena granatgnejsen med sedimentart ursprung (van- 
ligen en adergnejs) har erhallit orange grundfarg med violetta prickar. Detta 
ar den ledande typen av granatforande bergarter i den nu detaljkarterade 
kustzonen fran Hillevik 1 sdder till Medelpadsgrinsen i norr. 

Vad Kramsta och besliktade titanjaérnforande gabbroférekomster betraffar, 
sammanfaller de av hr Asklund framférda synpunkterna med den geokemiska 
uppfattning, som jag i flera skrifter gjort mig till tolk for vid studiet av ba- 
sisk magmatisk differentiation. Varfér jag kommit att tveka infor tillamp- 
ningen av de normala eruptiva elementfordelningsreglerna pa Kramsta och 
beslaktade forekomster ar framst beroende av den totala bristen pa meta- 
peridotiter och liknande ultrabasiska gabbrobergarter med hog kromhalt i 
norra Halsingland. Jag vill dock icke forneka, att sadana forstdifferentiat kan 
upptrada pa stérre djup och att Kramstagabbron salunda skulle utgéra re- 
sultatet av en kristallisation ur en pa krom utarmad sekundar- eller ’dotter’- 
magma. Bland paralleller kan har anféras Grovstanismassivets kromfattiga 


gabbro i Roslagen. 
Vid métet utdelades N:o 486 av Forhandlingarna. 
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Métet den 6 december 1956 


Nirvarande 60 personer. 


Ordféranden, hr Collini, 6ppnade métet och meddelade, att hr H. 
von KEckermann uppvaktats med telegram pa sin 70-arsdag den 5 
november. Tackskrivelse har ingatt. 

Till nya ledaméter i Foreningen har styrelsen invalt Ingenjér Ake 
Alskér, Bandhagen, foreslagen av hr Lundegardh, Dr phil. Ernst H. 
Weiss, Bolidens Gruv AB, féreslagen av hrr F. Kautsky och O. Meier, 
Ingenjér Lennart Lager, Svenska Diamantbergborrnings AB, foreslagen 
av hrr Meier och 8. Petersson, Tjinsteman Bertil Eckerman, Svenska 
Diamantbergborrnings AB, foreslagen av hrr Meier och §8. Petersson. 

Foreningen beslét att for bestridande av utgifter for tryckning och 
expenser for Nordiska Geologmétet ar 1958 limna dess organisations- 
kommitté ett lan pa 1000 kr. att uttagas under detta och tva nist- 
foljande budgetar. 

Forrattades val av styrelse och revisorer for ar 1957, varvid utsagos: 

till ordférande hr F. Brotzen, 

till sekreterare hr E. Ahman, 

till redaktor for Forhandlingarna hr P. H. Lundegardh, 

till skattmiéstare hr O. Gabrielson, 

till 6vriga ledaméter av styrelsen hrr B. Collini och E. Fromm. 

Till revisorer att granska 1956 ars forvaltning utsagos hrr J. Lund- 
qvist och B. Dahlman med hr B. Jarnefors som suppleant. 

Efter en diskussion, i vilken hrr Asklund, Dahlman, Jarnefors, 
Lundegardh, KE. Norin, R. Sandegren och F. E. Wickman deltogo, 
beslét Féreningen att redaktoren till sitt forfogande skall ha en redak- 
tionskommitté om 3 ledaméter. Till dessa utsagos hrr W. Larsson, P. 
Thorslund och E. Fromm. 

Overlamnade ordféranden ordet till hrr F. Brotzen och J. Lund- 
qvist, vilka var fér sig med hjalp av fértraffliga fargbilder talade éver 
dmnet: Glimtar fran exkursioner och férhand- 
lingar vid den Internationella Geologkongres- 
sen 1 Mexico. 


F. Brorzen har limnat féljande referat. 


Arets internationella geologkongress, som hélls i bérjan av september i 
Mexico City, var som vantat till stor del en amerikansk foreteelse, dir nord-, 
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syd- och mellanamerikaner dominerade. Det var mer an 3000 deltagare, 
och det blir oméjligt att referera allt om hela kongressen, dess forhandlingar 
och beslut. 


For mig bérjade kongressen med en exkursion fran Mexico City i mer eller 
mindre direkt dstlig riktning mot Atlantkusten. Exkursionen skulle visa 
det centrala och vulkaniska héglandet, den mesozoiska lagerféljden vid 
héglandets sluttningar och hur den successivt blir dverlagrad av tertidra och 
recenta sediment i riktning mot dster. Malet for exkursionen var oljedis- 
trikten kring Poza Rica. 

Resan gick fran Mexico City i bérjan norr ut genom Mexicodalen tills 
man vid Pachuca nadde bergkransen som begrinsar slaitten. Higslitten, 
pa c:a 2 000 meters héjd, ar till stérsta delen byggd av mesozoiska —vulka- 
niska bergarter. Bergen, som vi passerade norr om hogslatten, hdr till yngre 
och yngsta tertiiren. Pachuca ar ett av de 4ldsta silveromradena, det har 
sedan 400 ar producerat 30 000 ton rent silver och 4 000 ton guld. Metallerna 
forekomma i gangar i ungtertiira bergarter, som andesit och basalter. Man 
kan forsta att det var nédvandigt att bygga mer dn 2 000 kilometer under- 
jordiska gangar for att fa upp denna jatteproduktion. Nu for tiden ar pro- 
duktionen sa dalig, att staten var tvungen att dverta gruvorna och driva 
dessa med underskott for att radda befolkningen. 

Fran Pachuca gick exkursionen mot dster, och fortfarande upptradde 
unga bergarter, delvis av ungt kvartar-vulkaniskt ursprung. Efter c:a 100 
kilometers resa hade vi natt resans hégsta punkt pa c:a 2700 meters héjd. 
En perfekt vulkankagla med en cylindrisk krater skymtade vid horisonten. 
I stillet for de vulkaniska bergarterna upptridde kring staden Hauchinango 
en serie av sedimentiara skikt, som bérjade med starkt veckade jurassiska 
kalk- och sandstenar, den dldsta delen av lagerserien. Daréver féljde dvre 
krita, vars stratigrafi studerats huvudsakligen genom foraminiferer. Denna 
del av profilen var for mig sarskilt intressant dirfor att jag hade sysslat med 
dess foraminiferer sedan 1936. Har hade jag tillfalle att studera Mendez och 
San Philippe formationen, som jag en gang i tiden hade forsokt att jamfora 
med vara svenska kritbildningar (Brotzen 1936). Sent pa kvillen passerade 
vi staden Poza Rica och darifran var det annu nagra kilometer till den lilla 
byn Tecolutla vid stranden av Atlanten som blev vart huvudkvarter. 


Fyra dagars uppehall i Poza Ricas oljedistrikt var agnat oljegeologin. 
Distriktet producerar 70 °% av all olja i Mexico, alltsa betydligt mer an det 
valbekanta omradet i norr vid Tampiko eller vid Vera Cruzomradet i sdder. 
34 borrmaskiner 4r nu i gang av vilka 9 dr reserverade for prospektionsarbe- 
ten. De forsta oljesparen fann man redan pa 1880-talet och produktionen 
kom i gang 1902. Det centrala Poza Rica faltet upptacktes 1923 genom en 
gravimetrisk undersékning och produktionen kom i gang 1930. 1938 nar olje- 
industrin blev mexikanska statens egendom fanns dar bara 19 borrhal. 
I dag har man gjort 332 borrhl och ett omrade pa 8 000 hektar dr undersokt. 
Lagerféljden racker fran 6vre miocen ner till bérjan av underkritan och den 
produktiva horisonten ligger i kritan pa c:a 2000 meters djup. Enbart det 
centrala faltet har hittills producerat éver 103 miljoner ton olja och 22 
miljarder m® gas. Dess nuvarande produktion uppgar till c:a 13000 m® om 


dagen. 
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I de andra fialten i narheten ligger oljan djupare, ‘inda upp till 3 600 meters 
djup. Deras stratigrafiska niva vaxlar, men deras sammanlagda produktion 
ir mindre iin i de centrala Poza Rica falten. 

Man visade geologiska formationer i gravningar, borrningar, undersék 
ningar i borrhal och gastryck. I programmet ingick ven besék vid férdel- 
nings- och pumpstationer, raffinaderier och svavelverk. 

Pa hemviigen fran Poza Rica till Mexico studerades flysch och molass sedi- 
ment av aldre tertiir och deras kontakt med kritan. Sedimentserien vaxer 
har fran nagra och 50 meter i kusttrakten upp till flera tusen meters tjock- 
lek i flyschomradet. Naturligtvis var har ratta platsen att diskutera gransen 
mellan krita och tertiar och korrelationen till var Danien. 


Jag hade vid kongressen i Mexico beslutat folja sektionen for mikropaleon- 
tologi och symposion fér world wide-correlation of the Cretaceous. Dess- 
utom foljde jag en allman diskussion 6ver den principiella byggnaden av det 
oljerika Middle East omradet. Jag bérjade som forste foredragshallare 1 
ovannimnda symposion med »Correlation problems of the Danian». Bortsett 
fran grinsdragningen i bérjan och slutet av kritsystemet visade diskussionen 
en mycket enhetlig uppfattning om korrelationen ver mycket langa distanser. 
I stort sett var diskussionen inom symposion starkt tidsbegrinsad. Enstaka 
forskare framlade mest de lokala férhallandena och lamnade sa med ett 
rikt material for bearbetning av en »world wide» korrelation. Diskussionen 
efter mitt fdredrag giillde i forsta hand fragan om Danienet skulle raknas till 
krita eller tertiir, daremot var man ganska ense om mitt korrelationsschema 
dir Medelhavets granssediment mellan krita och tertiér samt motsvarande 
lager i Amerika kunde jamféras med vart Danien. Denna diskussion fick sin 
fortsittning i samband med Troelsens (K6penhamn) foredrag om »Some 
planktonic foraminifera of the type Danian and their stratigraphic import- 
ance) 1 mikropaleontologiska sektionen. Denna sektion hade reserverat en 
hel formiddag for problemet om Daniens stallning i systemet. Troelsen och 
jag lade fram uppfattningen att Danienet maste riknas till kritan. Enligt 
min Asikt med den inskrankningen att man kan placera Danien enbart pa 
grund av faunan saval i tertiiren som i kritan. For mig ar det endast en 
traditionssak att jag fortfarande raknar det till kritan. | den stora diskus- 
sionen om Danienets stallning anvande Troelsen uttrycket typregion 1 stillet 
for typlokalitet och betraktade aiven Danienblottningarna i Skane sasom till- 
hérande typregionen. Det visade sig att Limhamn nara Malmo visar den 
mest fullstindiga profilen av Danien i Danmark och Sverige. Vid diskussionen 
om Daniens utbildning i typregionen utgick vi fran forhallanden vid Lim- 
hamn, dar profilen bérjar i 6versta skrivkritan och slutar 1 undre delen av 
évre Danien. Genom en borrning i Klagshamns gamla brott ar det méjligt 
att korrelera Limhamnsbrottet med Klagshamnsbrottet och pa sa satt erhal- 
ler man en fullsténdig profil genom hela Danien mellan skrivkritan och den 
paleocena transgressionen. Utgaende fran fiargfotografier fran Limhamns 
kalkbrott svarade Troelsen och jag pa fragor enligt ett uppstallt program. 
Fragorna berérde: stratigrafien, fossilgrupperna, facies, bergarter samt slut- 
ligen korrelationen av Danien. Den danske representanten och jag hade 
kommit till fullkomligt samma resultat om Daniens stiillning och stratigrafi 
och hela diskussionen med tjugo aktiva deltagare och fyrtio ahérare forsig- 
gick i en vanskaplig och positiv anda. Pa grund av de redan 1890 framférda 
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asikterna fran Grossouve att i Danien saknas amoniter, belemniter och andra 
typiska kritfossil, énskade den stérsta delen av de utlindska. bearbetarna 
betrakta Danien som den djupaste tertiiiren. Vid diskussionen framkom, att 
typlokaliteterna saval for den hégsta kritetagen, maastrichtien, som den 
djupaste tertiiren, montien, icke ar sikert fixerade och att man férst nu 
pabérjat en revision av maastrichtien vid Maastricht, men dinnu inte av mon- 
tien vid Mons. I bagge fallen ar de stratigrafiska och faunistiska forhallandena 
mycket omdiskuterade och sarskilt resultaten betraffande montien skall 
framliggas vid nasta varldskongress. 

En del av de 6vriga 4mnena inom den mikropaleontologiska sektionen hade 
sarskilt intresse fér vara forskningsuppgifter i Sverige. Dartill hérde bl. a. 
en diskussion om den kvantitativa analysen av globigerinaslammet. Fore- 
draget hdlls av M. Black fran Cambridge. Black undersékte kvantitativt 
globigermaslammets fraktioner och fick olika maxima vid olika storlekar, 
salunda fanns atminstone fyra maxima som lag dver 0,1 mm som till stérsta 
delen bestod av foraminiferskal. Men under 0,1 mm ned till tiondelar av 
en “4 fanns ytterligare en del maxima bland dem ett som lag narmare 0,1 mm 
och bestod av sma globigeriner som var fullt utvecklade och knappast kunde 
betraktas som yngel, som man vid vanliga undersdkningar ej tar reda pa. 
De annu finare fraktionerna innehdll coccoliter och rhabedoliter. Av sarskilt 
intresse var, att det forekom ett maximum mellan fraktionerna med fora- 
miniferer och coccoliter, som innehdll nistan uteslutande taggar av globi- 
geriner. Nedbrytning av strukturen kunde observeras endast i de finaste 
fraktionerna, men fiven dir visade fossilen frapperande nog val bevarade 
detaljer och bara de allra finaste strukturerna hos sma coccoliter visade 
angrepp av kemiska lésningar. En stérre del av coccoliterna var mekaniskt 
séndersmulade innan de kunde utsattas for lésningsfenomenen. Féredragets 
varde lag i férsta hand i diskussionen om lésningen av globigerinerna vid 
sedimentation, d. v. s. problem som var féremal for sedimentundersékningar 
av svenska oceanexpeditionen. Jag vill har bara antyda, att under inflytande 
av Blacks foredrag pabérjade jag undersékningar inom vart skrivkritsedi- 
ment, som visar liknande férhallanden i de finare fraktionerna, som de av 
Black demonstrerade vid kongressen. 

Ett annat foredrag av stérre betydelse héll professor Bandy om undersdk- 
ningar 6ver foraminifer-ekologi pa olika djup i havet vid Mexicos vastkust. 
Foraminiferfaunan visar pa olika djup regelbundna férandringar. Liknande 
bilder, fast i omvand ordning, kinner vi till fran vara kvartarsediment, dar 
i borjan vattnet var mycket kallt och sa smaningom uppvarmdes i betydligt 
grundare vatten. 

Av allmant intresse var ett foredrag av dr Krutzsch som beriittade om en 
undersokning av mikroskopiska vaxtrester huvudsakligen sporer och pollen, 
i en lagerféljd fran juran till tertidren 1 Tyskland. Vid denna undersékning 
hade man inte férsékt att bestimma och namnge fossilerna utan att fa karak- 
taristiska bilder av mikrofloran och darigenom erhalla ett anvandbart schema 
for stratigrafien. : 

Stédd pa materialet av svenska kritbergarter lade Lowenstam fran Cali- 
fornia Institut of Techniology fram resultaten av syreisotopundersdkningar 
och dess betydelse for temperaturen under sedimentens bildning. Salunda 
kunde han pavisa, att havstemperaturen steg fran undre kritan intill undre 
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delen av 6vre kritan; senare avtog arsmedeltemperaturen. Samtidigt visade det 
sig att under en och samma period avtog temperaturen i riktning fran Medel- 
havet mot Skandinavien. Under krittiden existerade alltsa ett varmare 
ekvatorialklimat och ett kallare polarklimat. I diskussionen papekades, att 
man kan anta att vi har i Skandinavien ater hade ett temperaturmaximum 
vid slutskedet av skrivkritan som fortsatte under Danienperioden. I ett 
foredrag av madame Robless kunde pavisas, att aven fran det tropiska Amerika 
i riktning mot sydligaste delen av Sydamerika kritfaunans karaktir andrar 
sig pa samma satt som 1 norr. Saledes kan man utga fran att under krittiden 
existerade en bipolar andring av klimatet. 

Vid sidan av forhandlingarna hade man ordnat en mindre utstallning av 
kartor och stuffer fran Mexico och andra lander. Ryssarna hade en special- 
utstallning av sina publikationer. Intresset for ryska bicker blev sarskilt 
stort da ryssarna forklarade, att de var beredda att till fackman skicka alla 
bécker dessa var intresserade av och 6ppnade en stor liggare dar var och en 
fick anteckna sina fromma 6nskemal. 


Med anledning av foredragen yttrade sig hrr Loostrém och J. Lund- 
qvist. 

Vid den darpa foljande supén a Restaurant Metropols festvaning 
forevisade hr F. Brotzen en under kongressresan upptagen fargfilm. 
Hr Collini avtackade den avgaende redaktéren, hr Sandegren, vilken 
under ej mindre an 17 ar redigerat Féreningens Férhandlingar. Hr 
Sandegren frambar Féreningens tack till den avgaende ordfdranden. 


Geolognytt 


Till docent i petrografi har utnimnts dr phil. fil. lic. Hans Koark vid 
Mineralogisk-geologiska institutionen i Uppsala och till docent i historisk 
geologi och paleontologi fil. lic. Valdar Jaanusson vid Paleontologiska insti- 
tutionen i Uppsala. 

International Union of Crystallography haller sin Fjirde Generalforsam- 
ling och International Congress i Montreal 10—17 juli 1957. Narmare upp- 
lysningar lamnas ay prof. F. E. Wickman, Riksmuseets Mineralogiska Avdel- 
ning, Stockholm 50. 

_Unionen har med stéd av Unesco upprattat ett register ver tillverkare ay 
kristallografiska instrument i hela varlden. Den 24-sidiga broschyren kan 
erhallas genom att 10 dre i frimarken insandes till prof. Wickman. 
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